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INTEGRATED SYSTE! TEST OF THE ADVANCED IHSTRUCTIONAL SYSTEM
I. INTRODUCTION
Overview

This introductory section describes the goals of the Integrated
System Test (IST) and presents background information on the Advanced
Instructional System (AIS) program, its goals, characteristics, and
functions. The two subsequent sections, Testing Prior to IST and In-
structional Strategies Testing, describe the assessment of instructional
strategies in each of the AIS courses. The fourth major section de-
scribes procedures and results of testing to establish the relfability
and validity of other AIS computer-based instructional functions. The
results of testing to establish functional performance capability,
reliability, and maintainability of the AIS support systems (computer,
peripherals, terminals, communications, software, and media devices and
courseware) are reported in the fifth major section. Courseware develop-
ment costs are addressed in the sixth section. The final section of
this report presents conclusions and recommendations. Supplemental data
and exanples are included in the appendixes.

General Description of Test

The AIS 1IST began in April 1977. Testing was oriented toward
answering four primary questions:

1. HWhat are the time savings when a conventional lockstep technical
training course is converted to a self-paced Computer Managed
Instruction (CMI) course?

2. Hhat are the time savings when Individualized Instructional
Assignment (IIA) is added to a self-paced CMI technical
training course?

3. What are the time savings when Student Progress Management (SPM)
is added to a self-paced CMI technical training course?

4, Do the computer-based CMI support functions, the media devices
and courseware, and the computer hardware and software achieve
satisfactory levels of functional performance, reliability, and
rmaintainability?

The first of these questions was addressed by the acceptance tests
for the AIS courses. The results of these tests are summarized in Section
I1 of this report. Section Il1I, Instructional Strategies Testing,
presents the results relating to the second and third questions. Sections
IV and V, Reliability and Validity of Other CMI Functions and Support
System Testing, present the results relating to the fourth question.
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i The data collected in the Inventory Management (IM) course provided
the most comprehensive test of the effectiveness of IIA. Data from the ;
Weapons Mechanic (WM) and the IM courses provided the most comprehensfve !
tests of the effectiveness of SPM. Due to low student entry rates in :
the Precision Measuring Equipment (PME) and Materiel Facilities (MF)

courses, the conclusions that could be drawn from IST resuits in these

two courses were limited.

Background

In May 1973, a 4 1/2 year effort was initiated jointly by the Air .

Force Human Resources Laboratory Technical Training Division (AFHRL/TT), i3

: Afr Training Command (ATC), Lowry Technical Training Center (LTTC), and :

b the McDonnell Douglas Astronautics Company-St. Louis (MDAC) to develop,
implement, and test the Air Force AIS.

The major objectives of the AIS program were twofold. Primary and P g
most critical was the development of a computer-based, multi-media system
for the administration and management of individualized technical train-
. ing on a large scale. The second objective was the utilization of the

AIS as a test bed for evaluating the cost-effectiveness of instructional
H innovations. The characteristics of the AIS as originally planned and as
configured during IST are shown below.

’ AIS CHARACTERISTICS
ORIGINAL CONFIGURATION
CAPABILITIES REQUIREMENTS DURING 1ST
NO. OF COURSES 3 4
NO. OF STUDENTS PER DAY 2100 3000*
TRAINING TIME REDUCTION 25% 40%**

(Equal or better performance/No increase in attrition)

* If more terminals were added, the computer configuration could support
4500 students on a three-shift operation.

**  40% includes 31% for mainline CMI pius 13% of the remaining 69%
, (9% of the total) due to individuaifzatfon (individualized instruc-
tional assignment).




HARDWARE

COMPUTER CDC CYBER 73-16

INTERACTIVE TERMINALS 125 50
MANAGEMENT TERMINALS 9 10
STUDEHT CARRELS 190 847
MEDIA DEVICES 500 500

MEDIA ALLOCATION

PRINTED MATERIALS 55% 60%
AUDIO/VISUAL PRESENTATION 28% 38%
CAl 17% 2%

Development of the AIS was to proceed incrementally. Capabilities
were implemented upon development and before the entire system was com-
pleted in order to take immediate advantage of training improvements and
thereby achieve incremental payoffs. As development and implementation
proceeded, some adjustments to the criginally-planned AIS characteristics
had to be made. Two goals not achieved at the time of IST were (a) the
complete development of all courseware required for the AIS test bed
courses and (b) implementation of on-line Computer Assisted Instruction
(CAI). The software capability for CAI was, however, developed, and
subsequent to IST a number of CAl lessons have been implemented. Some

of the factors which necessitated adjustments to the original goals
were

1. Competition between the development program per se and oper-
ational support reguirements for implemented portions of AIS.

2. lMajor changes in course content during developrient which greatly
exceeded the origina) Statement of Work allowance of no more
than 40% during the l{fe of the contract.

3. Inclusion of an additional course.
The four courses chosen for inittal demonstration cover a wide range

of student aptitudes and abilities, comprise 27% of the total load at
LTTC, and represent a cross section of technical training.




AIS COURSES
COURSE LENGTH  GRADUATES PER

(WEEKS) YEAR

PROJECTED
INVENTORY MANAGEMENT (IM) 7 3000
MATERIEL FACILITIES (MF) 6 900
PRECISION MEASURING EQUIPMENT (PME) 32 600
WEAPONS MECHANIC (WM) : 13 2500
7000

During the AIS contract, the two major goals of AIS development were
achieved:

1. The prototype AIS, incorporating state-of-the-art instructfonal
technology, was implemented at the LTTC and met or exceeded
contractual requirements for reducing training time.

2. The prototype AIS provides a capability for continued research
and development (R&D) in the instructional technology area.
Continued exploitation of this AIS capability can greatly enhance
further R&D efforts in training technology and educational
research,

A typical scenario for a student in an AlIS-configured course begins
with the preassessment test battery consisting of approximately 2 hours
of aptitude and ability tests. Some tests are general and some are
specific to the course, but all are designed to identify problem areas
and to provide information to be used by the computer in making individ-
ualized assignments as the student progresses through the course. These
tests are listed in Appendix A. The machine-readable preassessment test
answer sheets and a student registration form are read by an AIS manage-
ment terminal, and the information is stored in the central computer.
The computer determines, and provides printouts of, the student's
learning center and carrel assignment plus the assignment to the first
lesson in the course (examples of varifous AIS computer-generated print-
outs are provided in Appendix B). The student studies the lesson until
satisfied that the content §s understood and then takes the prescribed
lesson test. The student takes the completed test answer sheet to a
management terminal, places it in the reader, and receives feedback
consisting of a printed prescription which provides the test results
(total score and objectives failed), assigns the next lesson to be
studied, 1ists the resources required, and 1f the next assignment in-
volves a change in learning centers, assigns the student to the next
learning center and carrel. In making each assignment, the computer
considers what lessons the student could study next, which alternative
instructfional treatment is best for the student (if alternates are
available for the lessons being considered), and resource utilization
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status. The resultant student assignment is either the best one for the
student or, if resource considerations so dictate, a compromise which
attempts to avoid bottlenecks because of availability of critical
resources. Additionally, the student's first course assignment gives

a target completion date for the initial block and for the entire course,
The first assignment for each training day informs the student as to pro-
gress relative to the target date.

Unique CMI Functions of the AIS

The AIS CK1 functions include all of the standard capabilities such
as test scoring and production of learniny center rosters, student pro-
gress records, and course evaluation reports. In addition, two unique
CHMI functions are provided by the AIS. These are IIA and SPM, Both
were designed to produce training time savings in addition to the savings
realized through self-pacing and standard (baseline) CMI, and were the
focus of the IST evaluatfons of time savings. These two AIS uniyue
functions are described in detail below.

Individualized Instructional Assignment

The IIA function is the AIS capability to assign alternative modules
of instruction (strategies) for a lesson in order to maximize student
performance. The vehicle for making these assignments is the AIS
computerized adaptive decision process which considers the individual
characteristics and past performance of the student (preassessment and
within-course data), as well as the student's current placement in the
course hierarchy and the availability of instructional resources.

The selection of the most appropriate module for a particular lesson
and student can be made on the basis of (a) predictive statistics (regres-
sion models) based on the performance of prior students who were randomly
assigned to the alternative modules for a lesson, (b) empirical and/or
judgemental logical statements (heuristic models) which select a par-
ticular module 1f the conditions specified in the logical statement are
true, and (c) student choice of available alternative modules (learner
choice) which leaves the selectfon of the most appropriate module to the
student's own judgement. A random assignment capability also exists
for control purposes in evaluating and/or updating existing decisfon
models., These lesson-level capabilities represent a range of sophis-
tication in terms of thefr requfrements for accurate student data and
statistical computation. The regression models are the most sophis-
ticated, followed by the heuristic models and learner choice.

Regression Models. The nature of this approach requires that the
equations used to select alternative modules be based on sufficiently
large samples of cases (e.g., 100 students per alternative module)
collected under random assignment conditfons. This insures that best
fit equations can be calculated relating the full range of student
characteristics (predictor variables) and student performance time or

n




score (criterion variables) on each module. The regression modules cal-
culated from these data then become the basis for predicting which module
will maximize individual student performance. It is imperative, there-
fore, that the regression models use data that are highly reliable and
valid, as well as representative of conditions that exist when they are
implemented. During the IST, regression models were used in the AIS IM
and MF Courses,

Heuristic Models. Research and development for the AIS CMI system
required the exploration of regression models for IIA. It became
apparent to both MDAC and AFHRL/TT personnel, however, that the level of
sophistication and computational requirements of this approach would make
it difficult to maintain regression models in an operational training
system. For this reason, an alternative approach was designed and
developed. This approach, called heurfstic models, refers to the spec-
ification and use of logical "{f...then" statements to assign students to
alternative modules. These logical statements can be based solely on
expert judgement, on previously collected and analyzed student data, or
on a combination of both judgement and prior data.

An example of a simple heuristic model can be written in sentence
form as follows: "If the student has a Reading Vocabulary Test score
less than 20, assign the audio-visual module for this lesson." Any
combination of preassessment and prior within course performance data
(subject to normal AIS variable Timits and constraints) can be used in
the construction of heuristic models.

During the IST, heuristic models were used for media overlap ({.e.,
audio-visual with illustrated script modules versus illustrated script
only modules) lessons in the IM, MF, and WM courses. These models were
based on a combination of expert judgement (instructor inputs) and prior
student data on these modules.

Learner Choice. The third major type of lesson-level individual-
jzation capability allows the student to select one of the alternative
modules on lessons designated for learner choice. Performance data are
collected on the module the student selects. Over a period of time, it
is possible to answer such questions as the effectiveness of student
choices compared with the choices of regression or heuristic models, and
what types of students make the most effective module choices in terms
of maximizing their scores and minimizing their training times.

The literature appears to support the conclusion that learner choice
is best for students of higher ability and intellectual maturity. For
this reason and because (a? PME instructors and supervisors indicated
that they would prefer this approach over the use of heuristic models and
(b) insufficient data per alternative module were available from PME for
the derivation of regression models, the learner choice approach to IIA
was chosen for implementation and evaluation with PME course materials
in Blocks VII through XI.

12
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Student Progress Management

In addition to the above individualization approaches which are
directed toward maximizing student performance at the lesson level, the
AIS has a block and course-level CMI capability designed to further
maximize student performance. This strategy, referred to as SPM, is
operational in all four AIS courses.

The SPM monitors student rates of progress, predicts individual
block and course completion time targets, and manages students to their
individual targets via specialized instructional, administrative, and
software tools. Additionally, the SPM assists students in achieving
their potential by giving each an opportunity to assume responsibility
for performing 1n accordance with individual abilities, interests, and
prior experiences.

The following are the major components of SPM:

1. Targeted days in course and completion rates are predictions
generated at the beginning of each course. These predictions provide
information as to how many days each student §s expected to require for
course completion. The predictions are based on (a) information gathered
on the student during preassessment testing, (b) the performances (times-
to~-complete) of similar students who have completed the same course, and
(c) policies set by the course managers which determine minimum, maximum,
and average desirable course completion times. Targeted course com-
pletion rate (an index of the student's relative speed) is derived from
these predictions and is used to track datly progress.

2. An instructional module introduces students to the novel
aspects of a CMI environment and includes instruction on some specific,
AlS-related time management skills; for example, a method of tracking
progress relative to the student's particular target date. This module
became operational in the IM, MF, and WM courses in July 1977, Because
of the longer blocks and the incremental implementation of SPM in the
PME course, a spectal set of student and instructor SPM orientation
materials was prepared for this course.

3. A dafily roster (see Appendix B) is printed for instructors.
The roster indfcates the block each student is in, how many days the
student has to finish the course on target, and how many days each
student is ahead or behind targeted completion rate. The daily roster
thus provides a mechanism whereby the instructors can track the progress
of each student and identify those students who are behind their
targeted rates and in need of counseling.

4., Via their first prescription of each day, students are pro-
vided with feedback regarding their actual progress versus their predicted
progress (Appendix B). The feedback includes days spent in class and
days of the course completed. If these numbers are identical, the stu-
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dent is on schedule; 1f days spent in class is larger than days of course
completed, the student is behind schedule. Conversely, 1f days of course
completed is larger than days spent in class, the student is ahead of
schedule. In addition, a student's first printed assignment in each new
block of instruction provides targeted days per block fnformatfon, based
on the average length of the block and the student's individualized
targeted completion rate.

5. Finally, provision has been made for instructors to adjust a
student's targeted completion rate when such action is justified (e.g.,
if personal problems have interfered with the student's work).

II. TESTING PRIOR TO IST

Testing of Self-Pacing and CMI

When the AIS project began in 1973, the IM, MF, PME and WM courses
were taught in a conventional lockstep classroom snvironment. One or two
instructors were responsible for a class of from 20 to 30 students as
they progressed through one block of instruction in a course. Blocks
were 1 to 4 weeks in length, and after the prescribed number of weeks
of study, the students took the end-of-block test. Those who passed
went on as a class to the next block, and those who fatled were “"washed

back" to a following class to repeat some or all of the block.

A good evaluation strategy would have been to freeze the content
taught in the AIS courses, with known times-to-complete under conven-
tional instruction, and then incrementally introduce manual self-pacing,
then computer support, next IIA, and finally the student time management
system. The effects of these features could then have been assessed
incrementally, and system time savings could have been calculated with
considerable confidence. The real world demands of Air Force training
did not, however, permit such laboratory control. Economics, logistics,
and training considerations dictated that AIS features should be
implemented as they were developed. Some consequences were that

1. As soon as one track of self-paced materials for a block had
completed formative evaluation, those materials were implemented
in the classrooms and the conventional block was terminated.

2. As materials for AIS were being developed, content changes were
incorporated. However, those sanie content changes were
frequently never introduced into the conventional course. In
other words, AlS development represented a convenient vehicle
for accomplishing necessary changes to the conventional course
content and materials.




3. Development efforts continued on AIS blocks after they were 1
implemented--changes in content in response to the continuing

changes in Afr Force operational procedures and equipment, and

the introduction of multi-tracking and media overlap lessons as

. needs were identified and development was accomplished.

Computer-based training features were introduced into the class-
rooms as the features were developed and then were tested,
modified, and improved as time and circumstances permitted.

RIS A PGS
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Therefore, in order to establish estimates of time savings for con-
tractual purposes, a more pragmatic approach had to be adopted. Air
Force subject matter experts identified those AIS lessons and parts of
lessons which had the same content as that which had previously been
taught in the conventional mode. For each course, time savings were
_ _ calculated by comparing the time to complete this common core of material
‘o . under AIS to the Plan of Instruction (POI) hours required under the pre-

: vious conventional lockstep mode. These analyses were carried out
during the acceptance tests for the AIS courses.

G s g

The IM acceptance test results indicated that the time savings from
conversion of the conventional IM course to self-pacing with CMI amounted
to 35%, based only on the material common to both the AIS and the con-
ventional courses. The savings in the MF course were 24%; in the PME
course, 31%; and in the WM course, 31%. The acceptance test results are
summarized in Table 1.

. TABLE 1. AIS Course Acceptance Testing: Estimates of
? Time Savings Due to Self-Pacing with CMI
!
? COURSE AND TIME SAVINGS FROM PORTION OF COURSE USED IN
! TIME PERIOD SELF-PACING WITH CMI,%  TIME SAVINGS MEASUREMENT
; n
B July 1975-June 1976 35 49% of Blocks I-11, IV-V
MF
July 1975-June 1976 24 64% of Blocks -V
PME
, August 1976-July 1977 k)| 38% of Blocks VIII-XII
L WM
o August 1976-July 1977 K} 77% of Blocks V-XIII
'
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Some further explanation of these time savings figures {is necessary.
For example, the time savings recorded in the IM and MF Acceptance Tests
were 35% and 24%, respectively. Since these figures are based on common
mater{ial only, they are only estimates (albeit reasonable ones) of the
total percent course length reduction attributable to AIS. Thus, the
approximately 30% savings for IM/MF suggest that if an entire conven-
tional course were to become self-paced with CMI, overall savings on the
order of 30% would be expected if the course content was unchanged.

Later portions of this report establish that an additional 12.5%
saving for IM is attributable to IIA and SPM. This saving relates to
the course as 1t éxisted at the onset of the IST period, not to the
original lock-step course. Thus, the 30% and 12.5% are not simply
additive in terms of describing how much the course was shortened
relative to what it was before AIS. However, the 12.5% is a tangible
saving, over and above savings due to self-pacing and CMI.

III. INSTRUCTIONAL STRATEGIES TESTING
Testing of IIA and SPM

At the beginning of the IST, all blocks of the IM and MF courses
were self-paced with CMI, as were Blocks VII through XII of PME and
Blocks V through XIII of WM. The IM course had the most extensive set
of individualized alternative modules and an entry rate of approximately
60 students per week. The MF course had a less extensive set of indiv-
fdualized alternative modules and an entry rate of about 20 per week.
The PME course had individualized alternatives but a very low entry rate
(about six per week on the AIS shifts). The WM course had only media
overlap modules as alternatives to the main track of instruction and an
entry rate of approximately 60 per week.

The baseline CMI conditfon for comparisons in the following sections
includes principally the following functions:

1. Printed feedback of total score and objectives failed on tests.
2. Printed assignment to next lesson, including resources required.
3. Learning center rosters and individual student progress reports.
4

. Resource management including learning centers, carrels, audfo-
visual devices and remote terminals.

5. Flagging for instructors those students whose preassessment
results indicate potential learning problems.

6. Displaying or printing student course and preassessment records
for instructor use in counseling.

16
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7. Providing management reports (e.g. the Course Evaluation
Summary).

Testing in the IM Course

At the start of the IST, two operating configurations were
established in the IM course: (a) a Main Track version of the course and
(b) an IIA version. Twelve weeks later, the SPM functions were added to
the baseline CMI in the IM course. The IST design for IM is represented
pictorially as follows:

F ety

Phase 1 1 Pha;eﬁil
Baseline CMI CMI with SPM
Main Track Group 1 Group 3
IIA Group 2 Group 4
A
0 Weeks 12 Weeks 20 Weeks

The main track of instruction was identified on a historical basis,
with the first module developed being designated as Main Track. A
student in the Main Track version was assigned the main track modules for
all lessons in the course. A student in the IIA versfon was, for all
lessons with alternative modules, assigned the best alternative for that
student. “Best" was defined as the module for which the computer's ca)-
culatfons predicted a passing score in the shortest time; or 1f it was
predicted that no module would be passed, the module predicted to be
completed with the highest score. Students were assigned randomly to the
Main Track and the IIA versions, and to a third version (random assign-
ment to alternatives) which provided data for development purposes.
Approximately 20 students per week entered each of the versfons. Assign-
ment to course learning centers was also random. Students were not told
which version they were in, and instructors could only determine an
individual) student's assigned version by examining the student's records
at an interactive terminal,

Four of the nine lessons in Block I, (approximately 32% of the block,
based on average times to complete lessons) had two or more alternative
modules. For Block II, 1 of 10 lessons (about 8% of the block) had alter-
natives; for Block III, 5 of 12 lessons {44%); Block IV, 3 of 9 lessons
(35%); Block V, 3 of 12 lessons (18%); and in Block VI, none of the 9
lessons had alternatives, The two course versfons, Main Track and [IA,
operated in the IM course throughout the IST period.

17
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Ouring Phase I, students in both versions were under baseline CMI.
After testing on each lesson or block, a student's test form was read
at a management terminal and the student received a printed prescription
containing test result feedback plus the next assignment. Main Track
students were automatically assigned the main track modules. The IIA
students were assigned the modules predicted to be best for them wherever
alternatives existed. During system down times, learning center oper-
ations proceeded under manual management procedures, with main track
assignments to all students except as resource avatlability required

other modules to be used. The system was up during approximately 95% of
the IST period.

Students who entered the course durirg Phase II were under the base-
l1ine CMI described above, plus SPM, Avter completing the preassessment
test battery, each student received a computer-generated target comple-
tion date for the course. Students then studied a lesson designed to
teach time management for meeting the target graduatiol, date. Add-
itionally, students were provided with charts on which to plot day-by-day
progress toward the target. Each student's first prescription of each
tratning day contained the information needed for chart update. The
learning center rosters provided instructors with the number of days
each student was ahead or behind target. Instructors were encouraged to
use this information in counseling students. An instructor could adjust
2 student's target date i1f convinced that 1t was unrealfistic.

During a 2-week period in Phase I, a software fault resulted in
incorrect evaluations of the regression equatfons used in assignments
for the 1IA version. Consequently, data from the IIA version for this
time period are excluded from the lesson and block level analyses. A
data base error during 3 weeks of Phase Il caused the IIA version for
Block I to operate with incorrect information. Data from the IIA version
of Block I for this time period are excluded from block and lesson level
analyses.

Analyses and Results for the IM Course. Equivalence of the IM
Groups - *s a preliminary step Jt was essential to establish that the
students of the four groups constituting the IST analysis did not differ
significantly from one another. If one or more of the groups differed
from the others in ability or other psychological varfables (preassess-
ment), time savings analyses would be contaminated. The hypothesis to
be tested {s that the four groups are not statistically different in
terms of the preassessment measures. An efficient way to test this
hypothesis is with a four-group discriminant analysis using all the pre-
assessment variables simultaneously as discriminators. When this analysis
was performed, none of the discriminant functions was significant
(p > .10)*, indicating that the groups did not differ significantly with
respect to preassessment measures.

* Throughout this report, results which reach the .10 level are de-
scribed as statfistically sfgnificant. This level was adopted in order
to pernit latitude in further considering potentially important effects.
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Analyses of the IM Time Data - Block completion times, excluding
absence times, are shown in Table 2. Students in the IIA version com-
pleted every block in less time than students in the Main Track version,
except for Block IV in Phase II (SPM) and Block VI in Phase I, which
show very small dffferences favoring Main Track. Block VI has no alter-
native modules, so students in the two versions received {dentical treat-
ment tn this block, Summing across the blocks with alternatives (Blocks
I through V, see Table 2) fndicates that IIA students averaged 437
minutes, or 4.7%, less time than the Main Track students in Phase I.

This difference amounts to slightly more than one training day. In

Phase 11, IIA students averaged 166 minutes (almost a half day) less than
Main Track students, for a savings of 2,1%. It should be stressed that
these percentages are for Blocks I through V, and that only 30% of these
blocks offered alternatives with a potential for savings due to IIA.
Moreover, additional gatfns from IIA could be expected with further
development of adaptive instructional alternatives and decision model
refinenents,

The comparisons of Phase I with Phase Il (Table 2) indicate that the
introduction of SPM resulted in a saving of 845 minutes for the IIA
version (8.9%), and a saving of 1096 minutes (11.1%) for the Main Track
version. The comparison of Phase ! Main Track with Phase Il IIA shows
a total saving of 1264 minutes (12.8%).

An additional variable, course elapsed time, was extracted and
analyzed. Course elapsed time includes some administrative and testing
time that is not in the sum of the block times, and includes only stu-
dents who entered and completed the IM course during Phase I, or during
Phase II., The results are shown in Table 3. Of principal interest here
is a comparison of the Phase I Main Track version with the Phase II I]A
version. In this comparison, the baseline conditfon {s the self-paced
IM course with CMI. The time savings achieved by adding computer assign-
ment to individualized modules (for one-fourth of the courseg and SPM
to the baseline CMI course amount to 1255 minutes, or 12.4%.

To determine the statistical significance of these results, two-way
analyses of variance were run on the time data for each of the blocks and
on course elapsed time. Table 4 shows the significance levels for the
main effects (IIA/Matn Track and Phase I/Phase II) and for the inter-
actions. The effects of SPM on time in Blocks I, II, III, and VI and on
course elapsed time were significant. In Blocks IV and V, the SPM
effects were in the expected directfon, but did not reach significance.
The 1IA effects were significant in Blocks I and V. None of the inter-
actions were significant.

In each of Blocks 1 to V, one-way analyses of variance were run on
the sums of the lesson times for only those lessons with alternative
modules. The results can be summarized as follows: In all blocks the
differences were in the expected direction of shorter times for IIA stu-
dents, but statistical significance was reached only in Block IV (IIA, 347
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TABLE 4.

p > .10 IS SHOWN AS N.S.

MAIN EFFECT A:

MAIN EFFECT B:

Significances of Results from Two-Way Analyses of

Variance on Time Data from the IM Course.

IIA VS. | BASELINE CMI VS. | INTERACTION:

MAIN TRACK CHI_WITH SPM A x B
BLOCK I TIME | p < .10 p <.01 N.S.
BLOCK II TIME i.s. p < .0l N.S.
BLOCK II1 TIME N.S. p<.01 N.S.
BLOCK IV TIME 1.s. N.S. N.S.
BLOCK V TIME || p < .05 .S, N.S.
BLOCK VI TIME H.S. p <.01 H.S.
COURSE ELAPSED
TIME \.S. p <.01 N.S.




minutes; Main Track, 382 minutes).

Analyses of the IM Block Score Data - To determine the effects of
IIA and SPM on first attempt scores on the end-of-block tests, two-way
analyses of variance were run. In Blocks I, II, and III the baseline
CMI/SPM main effects were significant, with SPM students scoring lower
than the baseline CMI students., However, the largest single difference
is for Main Track in Block II where SPM students averaged 79.9% and non-
SPM students averaged 83.4%. In Block IV, the main effect of IIA was
significant for block score with [IA scoring higher than Main Track
(33.3% versus 81.7%).

Analyses of the IM 3lock Fail Rates - To determine the effects of
IIA and SPM on first attempt block failures, chi-square analyses were
used. There were no sfgnificant differences in any blocks.

Surmary and Conclusions for the IM Course. The gyuestions addressed
by the IST analyses in IM are:

1. wWhat are the student time savings if IIA is added to the base-
1ine (Main Track with baseline CMI)?

2. What are the student time savings if SP!M is added?

Under the conditions investigated in the IST, introducing IIA for
one fourth of the [M course resulted fn saving 2% to 4% of the total
course Yength. The introduction of SPM resulted in saving 9% to 11% of
total course length. The combination of IIA with SPM reduced course
Yength by more than 12%. These gains are the result of superimposing
IIA and SPM on a self-paced course with baseline CMI,

Testing in the MF Course

Because of a lower student entry rate (20 per week), IST results
in the MF course were not as conclusive as the results in the IM course.
At the start of IST, all students in the MF course were under CMI with
random assignment to alternative modules. Two weeks later, an IIA
version was implemented. As those students in the course started a new
block, they were randomly placed in either the IIA or the random
assignment version of the course for their remafning blocks. Students
enteriny the course subsequently were randomly assigned to one of the
saine two versions. After 12 weeks, the SPM functions were implenented
in the IIF course. The IST desiyn for MF {s represented pictorially as

follows:
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[h—kPhase I Phase 11
——————ee
Random Assignment
Version Group 1 Group 3
A ////
Version / /] Group 2 Group 4
0 weeks 2 weeks 12 weeks 29 weeks

Implementation of the IIA version was delayed in order to use the
additional random assignment data in deriving regression equations for
IIA. A student in the Random Assignment version was, on lessons with
alternative modules, assigned randomly to one of the available modules.
A student in the IIA version was assigned to the best module, with
"best" defined as for the IM course.

The extent of IIA in the MF course was as follows: 1n Block I,
5 of 9 lessons had alternative modules accounting for approximately 56%
of block time; in Blocks II, III, and IV, respectively, 1 of 10, 1 of 9,
and 1 of 12 lessons had alternatives accounting for approximately 10x of
block times; and in Block V, 1 of 9 lessons, or 6%, had alternatives.
The software fault and the data base error that invalidated some IM
data had the same effects in the MF course, and the same exclusions
were applied.

Analyses and Results for the MF Course. The groups in the MF
analyses are relatively small, particularly in Phase II., Consequently,
the results must be interpreted with caution. The only statistically
significant time differences are the savings due to SPil in Blocks I,
11, IV, and V, but larger sample sizes might have disclosed additional
significant effects.

Equivalence of the MF Groups - Similar to the analyses used in IM,
four-group discriminant analyses were run for each block using all pre-
assessiient variables as discriminators. iione of the discriminant
functions were statistically significant, indicating that the groups
did not differ significantly with respect to preassessment measures.

Analyses of the WF Time Data - Block times, excluding absence
times, are shown in Table 5. In four of the five blocks in Phase I,
students in the Random Assignment condition took less time to complete
than did students in the IIA version. The exception was Block III,
where IIA students had the shorter time. Under the Phase II SPM con-
dition, IIA students completed Blocks I and II in less time than did
Randoii students, but took more time to complete Blocks III, IV and V.
Summing across blocks to derive totals for Blocks I through V (Table 5)
shows that in Phase I the Random students averaged 663 minutes less for
the five blocks than did IIA students, a difference of 8.6%. In Phase
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II (with SPM) the Random students averaged 128 minutes less than the
IIA students, a difference of 1.3%.

Comparisons of Phase | with Phase I] indicate that, for the IIA
version, the addition of SPM to the CMi functions of Phase I resulted
in a saving of 1201 minutes, or 14.3%. In the Random version the data
indicate a saving of 661 minutes due to SPM, or 8.%%. In the overall
comparison, a 6.9% saving over Main Track Baseline CMI (random assign-
ment) was realized by introducing IIA plus SPM (although IIA was not
as good as random assignment),

} Course elapsed time was also analyzed. This variable includes

i administrative and testiny time that is not in the sum of the block times,
' and the data include only students who started and completed the course
during Phase I, or during Phase II. The results (Table 6) indicate that,
in Phase 1, Random was better than IIA by 9.0%, but in Phase II, IIA

was better than Random by 0.5%. Table 6 data further indicate that SPM
resulted in saving 9.0% for IIA students and 0.4% for Random students,

The overall comparison of Phase I Random with Phase Il IIA shows that a
0.9% saving over baseline was realized by introducing IIA plus SPM.

To determine the statistical significance of these results, two-way
analyses of variance were run on each of the block times and on course
elapsed time. Table 7 shows the significance levels for the main effects
and itnteractions. The main effect of SPM {s significant in Blocks I, II,
IV, and V. The two-way interaction is significant only for Block 1.

Analyses of the MF Block Score and Block Fail Rate Data - Two-way
analyses of variance were run on first attempt block scores, and chi- 1
square analyses ware run on numbers of first attempt block failures.
None of the block failure differences and only one of the block score
differences reach the .10 level of signiffcance -- in Block II, the !
average block score under SPM is 4.1 points higher than under baseline .
CMI. ]

Summary and Conclusions for the MF Course. The data and analyses
reported in Tables 5, 6, and 7 indicate that the very limited IIA in the
MF course did not result in any statistically significant effects on ‘
etther block times or course time. The effects of SPM are statistically -
significant in Blocks 1, Il, IV, and V, and course elapsed time shows |
the expected result of decreased tine under SPM. From Tables 5 and 6, :
estimates of the savings attributable to SPM range from as low as 0.4% :
(caseline CMI versus SPM, Random Assignment, course elapsed time) to as
high as 14,3%, (Baseline CMI versus SPM with [IA, sums of the block
times). The best overall estimate of savings due to SPM in the MF course
may be 6.7., the result of averaging the six estimates derived in Tables
5 and 6 (3.5%, 14.3%, 6.9%, 9.4%, 9.0%, and 0.9%; average = 6.7%). |
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TABLE 7. Significances of Results from Two-Way Analyses
of Variance on Time Data from the MF Course. i

p > .10 1s shown as N.S.

» AT EFFECT A: | VAIN EFFECT B: | =
N 11A VS. BASELINE CMI VS. | INTERACTION: '
RAHDOM CMI_WITH SPM A x 8 .
BLOCK 1 TIME .S, p < .0l p <.01 |
BLOCK II TIME N.S. p < .01 N.S.
» "
BLOCK TI1 TIME NS, N.S. M.S. |
BLOCK IV TIME N.S. p < .05 N.S. i
? ]
BLOCK V TIME N.S. p < .M 1.8, |
COURSE ELAPSED !
TIME fn.s. N.S. H.S. !
]
L
P Y
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Testing in the PME Course

At the beginning of the IST, PMt students were under CAI in uvlocks
VII to XII, with random assianment to the alternative modules. The small
numbers of students entering the AIS PME courses, abnut six per week,
were not sufficient to sunport multinle test conditions. During Phase
I, students were assigned randonly to alternative modules. Phase [I
began with the introduction of Learner Choice in Blocks VII-XI on
1essons with alternative modules and the introduction of a limited form

of 5P in Blocks VII-IX,

SPM was fmplemented in Blocks X=-XII in Week
22, The IST desinn for PME is represented pictorially as follows:

Phase | Phase 1]
baseline CMI with , CMI with SPM and Learner
Randorit Assignment to || Choice
Alternatives ;
i
Group 1 Group 3

blocks VII, VIII 2 IX

slocks VII, VIII & IX

Group 2
vlocks X, XI & XII

Group 4

Learner Choice

H
|
i
|

tlocks X, XI

<«—— Added, X a xx-rh' and XII
Tl

21 weeks 30 weeks

J weeks 12 weeks

dy block, the numbers of lessons with alternative modules and the total
numbers of lessons in the blocks were: 8lock VII, 4 of 30; Clock VIII,
4 of 3y; slock IX, 3 of 36; Block X, 7 of 47; Block XI, 1 of 47; and
dlock XII, none of 16. Other lassons in the course had alternative
modules, developed either for second attempt remediation or for
exceptiona) students, and assigned only by instructors. Juring IST,
the Learner Choice function was not usad for these lessons.

Under Learner Choice, the student prescriptions assigned the stu-
dent's next lesson and recoimended one rmodule (based on resource con-
siderations), but added that other modules were available and could be
studied instead. The limited SPM that was implernented in the PME course
included days ahead or behind target on the students' first
prescriptions of each day, and on the instructors' daily roster print-
outs. Unlike the full SPM in the IM course, however, students did not
receive the lesson on time management in self-paced courses and did not
plot their daily progress.
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Analyses and Results for the PME Course. Because of the low student
entry rate (six students per week) and the length of the course
(nominally 30 weeks), the testing that could be accomplished in the PME
course was limited. In Blocks VII, VIII, and IX, where learner choice
and SPY were added to Baseline CMI in Week 13, the block times, scores
and fail rates, and the lesson times for learner choice lessons in
Phases I and Il were analyzed. In Blocks X and XI, where learner choice
was added in Week 13 and SPM was added in leek 22, preliminary analyses
indicated that learner chofce had no significant effects on block tines,
scores or fail rates. Therefore, the IST analyses reported for these
blocks treat the first 21-week period as Phase I, and the final 9-week
period as Phase II. In Block XII, with no learner choice lessons, Phase
I1 is the final 9 weeks.

Equivalence of the PHE Groups - Similar to the analyses used in IM,
two-group discriminant analyses using all preassessment variables simul-
taneously as discriminators were run. None of the discriminant functions
were statistically significant. In other words, it cannot be asserted
statistically that the groups differ with respect to preassessment
neasures.

Analyses of the PME Time Data - The mean block times for the AIS
blocks are shown in Table 8. OBlock tiwes decrease under SPH4 for Blocks
VII, IX, X, and XII; time in Block VIII is essentially the saie under
SPii and under Baseline CHI; and time in Block XI is slightly increased
under SP!l. One-way analyses of variance indicate that the time
differences in Blocks X and XII are statistically significant. Overall,

the totals of the mean block times for Blocks VII-XII (Table 8) indicate
that the Phase II conditions resulted in a 5.1% time saving.

Data on course elapsed times in Phases I and Il were not available
from tha IST because of the length of the course.

Analyses of the PHE Block Score and Fail Rate Data - Jne-way
analyses of variance were run on first attempt block scores in Blocks
VII-XII. In all blocks, scores were soniewhat hijher under the Phase
IT SPt condition. The differences ranged from a 0.1% increase in the
average first attewpt score in Block XI to a 4.9% increase in Block X.
lowever, these differences ware statistically significant only in Blocks
VII and X.

Chi-square analyses of first attempt block fail rates in Blocks
VII-XII indicated only one significant difference: first attempt fail
rate in 3lock X dropped from 10.3% in Phase I to 4.5% in Phase II.

Analyses of the Effects of Learner Choice in PI'E - In addition to
the biock-level analyses described above, lesson-level analyses were
carried out on the times to complete the learner choice lessons only.
Table 9 summarizes the results of these analyses. Only the Block IX
difference is significant., Cowmparisons of the learner choice lesson
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TABLE 9. Hean Times (Minutes) to Complete Only the

Learner Choice Lessons in the PME Course

JUMBER OF MEAN TIME TO COMPLETE SAVED BY
LESSONS ALL INCLUDED LESSONS PHASE 11

INCLUDED f PAASE T | PHASE IT | COWDITIONS,%

-

o
I

3 : (u=55)? 499 (i=63) 2.9
(33) - 610 (35) 0.8

i
l

(53)  197* (51) -13.2

4

(41) | 672 (20) | - 1.4
$9) | so (33) | -s.3

BLOCKS VII-XI 2058 - 1.0

|
|
%
l

* p <.10, Phase I tine vs. Phase II tiue




1 time differences in Table 9 with the block time differences in Table 3
fndicate that learner choice did not account for a substantial part of
} any of the block time differences.

Summary and Conclusions for the PME Course, Learner choice did 1
not significantly affect block times in the PE course, However, the 1
nunbers of cases analyzed are not sufficient to provide dafinitiva
answers as to the effectiveness of learner choice as an instructional ‘
strateqy. |

The introduction of SPM, aven in the limited form f.plemented in
tha PML course, appeared to result in approximately 5% reduction in
training tine. However, the number of cases was relatively siall, and

‘e this effect reached statistical significance only in Blocks X and XII.
Additional savings should result from implenenting full SP*t and from
improving adninistrative proceduras to further exploit the feedback pro-
vided by SPM,

Testing in the M Course

During Phase I of the IST in the WM course, students were randomly
assigned by the baseline CMI Systew: to the alternative modulas in the
AIS Blocks V to XIII. Phase II began when the SP!! functions were intro-
duced in Blocks I to XIIl. The IST design for WM is reprasented

L pictorially as follows:

Phase I: Baseline CMI,

Randoin Assignuent to Phase II: CMI with SPM

Alternatives
r

Group 1 ; Group 2

0 weeks 13 weeks | 23 weeks

15 weeks

Heuristic Assignment

The main track development in WM placed heavy emphasis on audio-

visual (A/V) modules. The only alternative materials utilized in the :
Wl course during IST were black-and-white printed versions of the A/V
modules, or combinations of the A/V and the printed materials. These
alternatives had been developed only as a printed backup to the main

‘ track A/V nodules, and were not designed and developed specifically to
) facilitate learning for a subset of students. Therefore, the conditions
i. in the WM course could not be viewed as a test of the effects of IIA,

Logical assignment rules (heuristics) for assigning students to the A/V
) or printed alternatives were introduced in Veek 16.

e The principal IST effort in the WM course was directed toward




‘o

determining the effects of the SPM functions of the system. The course
operated through Phase I under the baseline CMI system, 1.e., self-paced
with all of the regular CMI features of scoring by total score and by
objective, assignment to lessons, rosters, resource management and
reports, and with random assfgnment to alternatives. In Phase II, the
lesson on how students should manage their time and efforts in order to
succeed in a self-paced environment was introduced at the beginning of
the course. The individual charts, on which students plotted progress
toward a targeted graduation date (derived by the computer and based

on preassessment test scores), were also implemented. Instructors were
briefed on the meanings and uses of the SPM {nformation which was
printed out on their learning center rosters and were encouraged to use
the information in counseling students who were falling behind.

Analyses and Results for the WM Course. Equivalence of the WM
Groups - gimiiar to the analyses 1n IM, two-group discriminant analyses
using all the preassessment variables simultaneously as discriminators
were performed for the Phase I/Phase Il groups for each block and for
the course. The analyses indicated that the groups were significantly
different with respect to the preassessment measures. The trend was
toward higher ability students in Phase II. Therefore, analysis of
covariance was used in the subsequent analyses of block and course
times and block scores. The covariates in each analysis were the five
preassessment variables which, in the discriminant analysis, were found
to be the most important discriminators for the block or the course.

Analyses of the WM Time Data - Block times, corrected statistically
for preassessment differences, are shown in Table 10. The Phase II
conditions (SPM and heuristic assignment) result in time savings of
more than 5% in every block except Block VII. Overall, the time saving
for Blocks V through XIII was 13.9%. The analyses of covariance in-
dicated all of the time differences shown in Table 10 were significant.

Course elapsed time in Phase I averaged 15,800 minutes, and in
Phase Il averaged 13,192 minutes. The saving in course elapsed time
was 16.5%. Course elapsed time includes Blocks I to IV, which were not
fully under CMI until Week 16. Some of the difference between the 13.9%
saving realized in Blocks V to XIII and the 16.5% saving realized for
the course can be attributed to new materials introduced into Blocks I
to IV by ATC during Phase II of the IST.

In order to assess the effects of introducing the logical assign-
ment rules (heuristics) during Phase II, the mean lesson times for only
those lessons with logical assignment rules were analyzed. None of
these lesson times showed significant decreases after the introduction
of the assignment rules. Thus, the Phase II time savings cannot be
attributed to the heuristic assignment rules.

Analyses of the WM Block Score and Fail Rate Data - Because of
the marked time savings achieved in Phase II, the first attempt block
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TABLE 10. Mean Block Times (Minutes) in the WM Course
During IST, Excluding Absence Time and Corrected

for Preassessment Differences

PHASE I: BASELINE CMI | PHASE 11: SPM SAVED BY
e BLOCK RANDOM ASSIGNMENT WITH HEURISTICS | PHASE II CONDITIONS,%
v 1896 (N=532) 1637** (N=446) 13.7
V1 1719 (535) 1416%* (292) 17.6
VII 477 (531) 508*+ (438) -6.5
i VIII 2019 (461) 1913* (290) 5.3
F IX 981 (450) 751%* (135) 23.4
X 973 (462) 851%* (139) 12.5
X1 1257 (483) 1040** (195) 17.3
XII 1091 (459) 892%* (148) 18.2
X111 902 (465) 731%* (118) 19.0
TOTALS | 11315 9739 cme-
— PHASE I1 SAVING, 13.9%2—e

* p < .05 for Phase I vs. Phase II difference

** p < .01 for Phase I vs. Phase Il difference

1'; | 35




scores and the first attempt block fail rates were examined in detail.
Table 11 summarizes these data. The scores were higher during Phase

I in Blocks V, VI, and X; higher during Phase II in Blocks VIII, IX,
XI, XII, and XIII; and equal in the two phases in Block VII. Across
Blocks V to XIII, first attempt block scores average 80.1% during
Phase I and 80.4% during Phase II. Analyses of covariance indicated
that the score differences were statistically significant in Blocks VI,
IX, XI, XII, and XIII. In the remaining blocks, the differences were
not significant.

First attempt block fail rate data are summarized in Table 11. Chi-
square analyses indicated that the differences in Blocks VI, VIII, X,
and XI were significant, as were the differences in Blocks IX and XIII,
Unlike the block time and block score analyses, however, the analyses
of block fail rates were not adjusted for preassessment differences.

Summary and Conclusions for the WM Course. The introduction of
full SPM functions in the Wi course resulted in very substantial re-
ductions in block and course times, with some detectable but probably
not practically significant increases in block scores and decreases in
first attempt block fail rates. Savinygs amounted to a 13.9% reduction
in total time for Blocks V through XIII. The analyses indicate that
little, if any, of this time saving can be attributed to the intro-
duction of logical assignment rules for some of the media overlap
lessons in the course. As a result, virtually the entire 13.9% saving
must be attributed to the addition of the SPM functions to the C!il
systeni,

Student Attitude Data

Each student in the AIS courses during IST coupleted a 40-item
attitude questionnaire at the end of the first AIS block of instruction
and again at the end of the course. This questionnaire was intended to
determine how students reacted to various features of the AIS courses.
The results from these questionnaires are included as Appendix C to this
report and reflect generally favorable attitudes toward the AIS courses.

Trafning Time Savings From IIA and SPH

In the IM course, many of the alternative modules were developed
using state-of-the-art educational research and developient methods.
Some alternatives, however, were developed to fill pressing and
{frmediate needs and were designed without benefit of statistical
analyses to guide the design toward a target subgroup of students.
Nevertheless, savings of 4.2% in Phase I and 1.9% in Phase Il sugyest
that 3% 1s a reasonable estimate of the time saved in IM due to IIA.
This 3% was realized through application of IIA for only 27% of the
course,
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TABLE 11, HMean First Attempt Block Scores and First Attempt
Block Fail Rates in the WM Course During IST

BLOCK SCORE, % BLOCK FAIL RATE, %
BLOCK PHASE I PHASE Il PHASE T PHASE Il
‘e v 73.0 77.2 3.5 3.1
VI 30.8 78, 1%** 4.4 7.3
VII 86.5 86.5 2.0 1.5
VIII 74.6 74.8 10.6 6.9*%
IX 81.7 83.7%* 6.1 1.9%*
X 82.2 1.3 6.0 2.8%
’
I 80.7 82,4*** 7.1 3.6*
X11 75.6 76, 7%** 22.5 17.6
XIII £0.3 82, 5% 8.3 3.5%*
MEANS,
BLOCKS 80.1 80.4 /.8 5.4
V-XIII

* p < .10 tur Phase I versus Phase Il
* p < .05 for Phase I versus Phase II
*** p < .01 for Phase I versus Phase II

1. Y




The introduction of SPM into the IM course resulted in time savings
of 8.9% for IIA students and 11.1% for main track students. Assuming
that the average of these two figures is the best available estimate of
the time savings due to SPM, then the resultant net estimate is 10.0%.

The overall measure of Il time savings, derived by comparing the
baseline CHI course (Phase I Main Track) with the full CMI-SPM course
(Phase II IIA), is 12.8%. After adopting some comproinise values for
percent savings, Table 12 shows the time savings attributable to IIA
1 and SP!1 in the IH course. The following assumptions entered into the
‘ calculations for Table 12 entries:

‘ 1. IIA saved 3%, SP!1 saved 10% and the combination of IIA and ;
SPY saved 13%. i
t
2. The IN course graduates 2820 students per year (60 students per
week entry for 50 weeks with 6% attrition).
ALY
3. Baseline length for the IM course is 16< hours (the average
course elapsed time for Phase I Main Track students).
4, A student-year in the Il course has 1449 in-class training hours
(forty-eight 5-day weeks with 6 in-class hours per day = 1440
hours).
As indicated in Table 12, the result of IIA is a saving of almost
10 student years per year of course operation; the result of the 3PN
functions is a saving of more than 32 student years per year; and the
’ total is more than 42 student years saved per year.
Table 13 shows the savings attributable to SPt in the MF course. |
The following assumptions were made:
1. The SPM functions saved €.7%.
2. The MF course graduates 940 students per year (20 students per
week entry for 50 weeks, with 67 attrition).
3. DBaseline length for the 'IF course is 139 hours (the average course
elapsed time for Phase I students),
4, A student year in the F course has 1440 in-class training hours
(forty-eight 5-day weeks with G in-class hours per day = 1441
o hours ).
. As indicated in Table 13, the result of SP.? is a saving ¢f 6.1 ‘
, student years ner year of course operation. .

In the P'IE course, SPY resulted in a 5.1% tile savinjys. Tabla 14
. shows the yearlv savings attributable to SMi in the PIL course. The
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TABLE 11,

Block Fail Rates in the WM Course During IST

Mean First Attempt Block Scores and First Attempt

BLOCK e ch§§§igir’ PRE T FAILF%%%E;;%;"‘
v 73.0 77.2 3.5 3.1
VI 30.8 78, 1#*+ 4.4 7.3%
VI 86.5 86.5 2.0 1.5
VIII 74.6 74.8 10.6 6.9%
IX 81.7 83,74+ 6.1 1.9
X 82.2 e1.3 6.0 2.8
XI 80.7 82, 4w 7.1 3.6%
X11 75.6 76, 7%#% 22.5 17.6
XIII 80.4 82.5%* 8.3 3.5+
TERTS,
BLOCKS 80.1 80.4 /.8 5.4
V-XI11

*
**

P < .10 for Phase I versus Phase II
< .05 for Phase I versus Phase Il
*** p < ,01 for Phase I versus Phase II
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following assumptions were made:
1. The SPM functions saved 5.1%.

2. The PME course graduates 270 students per year from A and B
shifts (six students per week entry for 50 weeks with 10%
attrition).

3. Baseline length for the AIS portion of the PME course, Blocks
VII to XII, is 410 hours (average time for Phase I students to
complete Blocks VII to XII).

4, A student year in the PME course has 1440 in-class training
hours (forty-eight 5-day weeks with 6 in-class hours per day
= 1440 hours),

As indicated in Table 14, the result §s a saving of 3.9 student years
per year of course operation,

In the WM course, SPM resulted in a 13.9% time savings in Blocks
V to XI1I. Table 15 shows the savings attributable to SPM in the WM
course. The following assumptions entered into the calculations for
Table 15 entries:

1. The SPM functions save 13.5%.

2. The WM course graduates 2820 students per year (60 students per
week entry for 50 weeks, with 6% attrition).

3. Baseline length for the WM course, Blocks V to XIII, fs 188
hours §average time for Phase I students to complete these
blocks).

4. A student year in the WM course, Blocks V to XIII, has 1920 in-
class trafning hours (forty-eight 5-day weeks with 8 in-class
hours per day = 1920).

As shown in Table 15, i1f only Blocks V to XIII are considered, SPM
results in saving more than 38 student years per year of course
operation. Assuming that the 13.9% savings measured in the upper blocks
also applies in Blocks I to IV, then SPM would save an additfonal 10.8
student years per year. The total savings in student time for the WM
course would then be approximately 49 student years per year of course
operation.

The combined gains, from IIA and SPM in the IM course and from SPM
in the MF course, in Blocks VII to XII of the PME course, and in Blocks
V to XIII of the WM course, are 91.2 student years per year. The total
gains, {f the estimate for WM Blocks I to IV fs also included, are 102.1
student years per year.
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IV. RELIABILITY AND VALIDITY OF CMI FUNCTIONS

Reliability of Scoring and Storing Preassessment Data

Each student who enters an AIS course comoletas an AIS rejistraticn
form and answers a hattery of preassessment tests on AIS generalized
test forms. The reagistration forms ares read hy a managenent terminal
and the data they contain are used to establish individual, computer-
ized Student Data Profiles (SDPs). Each SDP includes the student's
naine; social security number; date of birth; sex; formal civilian
education completed; whether U.S. or foreign military or civilian; §f
military, the branch of service, status and grade; training squadron;
type of student (e.g., non-prior service enlistee); date arrived on
basc course attending; date training started; and training shift.
Addicionally, the student's preassassiment test forms are read by the
terminal, scored according to keys maintained in the computer, and the
results stored as part of the student's individual SDP. The SOP s then
used in the C!lI system to make alternative module assignmients and course
completion predictions for the student. The SDPs are also available
to course instructor and supervisory personnel for counseliny purposes,
and to manageuent personnel for analyzing such factors as how well stu-
dents of differing abilities are able to perform in the course. It is,
therefore, essential to effective performance of AIS CMI functiuns that
registration and preassessment data be correctly read, scored, and stored.

Procedure

During the IST, five student-completed sets of forus (one regis-
tration and four preassessment forms per student) were collected from
aach of the four AIS courses (IM, MF, PME, and WM). The student-entered
data on the 20 registration forms were transcribed manually to listing
sheets and, after correcting mechanical errors made by the students
(partially marked responses or incomplete erasures), the forus were read
at the management terminal. Then, the resulting computer-stored SDPs
were displayed at an interactive terminal and the registration data were
transcribed manually to the Tisting sheets. An itesi-by-item comparison
was made between data transcribed from the registration forms and data
transcribed from the SDP.

The student-entered data on the 30 preassessnent forms were tran-
scribed manually to listing sheets, with each preassessment scale or
subscale being manually scored. After correcting mechanical errors
made by the students, the forms were read at the management terminal.
The resulting SDPs were displayed at an interactive terminal and the
preassessment data were transcribed manually to the listing sheets. An
ften-by-item comparison was made between the responses and scores
derived manually from the forms and the responses and scores stored in
the SDP.
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Results

For the samples of 20 registration forms and 80 preassessment forms,
the data from manual transcription and scoring corresponded 100% with
the data stored in the SOP. Scoring and storing of AIS preassessment
and registration data are reliable.

Predictive Validity of Preassessment

A major purpose of AIS preassessment testing is to provide data on
student characteristics which can be used by the CMI system in making
alternative module assignments and in predicting progress in the course,
The assignments and the predictions are based on heuristic decision
rules or on regression squations derived through analyses of preassess-
ment and within course data. There are two primary questions regarding
the predictive validity of the preassessment tests. First, is each of
the preassessment tasts used in one or more of the assignment or pre-
diction equations or rules? Second, do those equations or rules result
in correct assignments or predictions? This section of the IST was con-
cerned only with the first of these questions. The second, validity of
the equations, is the subject of Section III of this Report.

Procedure

A complete listing of all the assignment and prediction equations
or rules, along with the specific use of each equation or rule, was
obtained for each AIS course. These listings ware sorted and transcribed
to produce a 1isting showing, for each scale or subscale score derived
from the preassessment test batteries, the locations and uses made of
those scores by the CMI system.

Results

A1l preassessment tests, with the exception of the Delta Bio-
graphical test, were used in one or more of the assignment rules or
prediction equations (see Appendix A for a listing of preassessment
tests). Frequencies of occurrence in the rules or equations for the
various preassessment scores ranged from a single usage up to 37 separate
occurrences.,

Reliability of Scoring axd Storing Within Course Test Results

Within course testing in AIS includes three general categories:
lesson tests, block tests, and student attitude questionnaires. Students
mark their responses on machine-readable test forms. These forms are
read at the management terminal and the results (item responses or
scores) are stored in the student's SDP, The lesson and block test
results are used in the CMI system to make pass/fail decisions and to
predict time and score for subsequent lessons and blocks. Student
attitude data are used in periodic reports on attitudes toward AIS
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naterials and procedures. The results of within course testing are
available to course personnel for counseling purposes, for judging the
effectiveness of course materials, and for detecting shifts in student
attitudes and performances. These tests must be correctly scored, and
the results properly stored, 1f the AIS CMI system is to perform its
functions adequately and correctly.

Procedure

During the IST, two student-completed block test forms were obtained
from dafly course transactions for each of the AIS block test versions in
use. The block test forms in the samples were submitted at the manage-
ment terminal to obtain the resultant student prescriptions. Each form
was scored manually for total score and for failed objectives, and these
data were transcribed to listing sheets. Item responses were compared
directly with the computer-produced data on the corresponding printed
prescriptions.

Twenty student-completed lesson test forms that included at least
one form from each of the AIS blocks were drawn from daily operations
in the four AIS courses. The 80 lesson test forms in the samples were
scored manually for total score and for failed objectives and these data
were transcribed to 1isting sheets. Itein resnonses were again compared
with the computer produced data on the printed prescriptions.

Student attitude questionnaires are administered at two points in
the IM, YF, PME, and W! courses. A sample of five student-completed
forms was obtained from each of these administrations and the responses
from the resultant 40 forms were transcribed to listing sheets.

The SDPs were displayed at an interactive terminal, and the block,
lesson, and attitude test data were transcribed manually tc the listing
sheets.

Results

The comparisons of manually derived data with computer-stored and
printed SOP data for the 30 lesson and 40 attitude forms indicated 100%
correspondence for all items and scores,

During comparisons of manually derived data with SDP data for the
block test forms, a number of discrepancies were observed. It was
determined that the software routines supporting block test regrading
were utilizing lesson level coding and thus creating erroneous
objectives-failed data at the block level in the SDPs. As a result,
necessary software corrections were made and replacement sanples of
block test forms were obtained and processed. The replacement samples
all yielded 109% correspondence between manually derived and computer-
produced SIP data.
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Validity of Within Course Tests

The AIS within course lesson and block tests were constructed
using procedures oriented toward achieving content validity. Within
course tests were developed by, or with the cooperation and assistance
of, subject-matter specfalists. Additionally, the tests were implemented
only after the subject matter specifalists agreed that the test questions
adequately sampled the content befng taught in the block or lesson. The
nature of the AIS test development process insured that the tests had
content validity. Consequently, the IST did not include testing of
within course test validity.

Reliability and Validity of the Course Data Base

The Course Data Base is a set of files containing records which
provide all of the course characteristics and course configuration
information necessary for the CMI system to correctly perform its student
and resource management functions. The Course Data Base consists of the
following files and records:

1. Course File - One record for each version of a course.

2. Course Hierarchy File - One record for each version of a course,
for each block, and for each lesson group.

3. Lesson File -~ One record for each lesson and each module.

4, Cross Reference File - One record for each course and each
block.

5. Test Key File - One record for each test.

6. Learning Center File - One record for each learning center on
each shift,

7. Resource Class File - One or two records for each learning
center on each shift.

3. Resource Type Descriptor File - One record, covering all courses.
9, Calendar F{le - One record for each course version.

10, Variables Definition File - one record for each variable
defined to the system.

Tiely and accurate maintenance of the Course Data Base is critical,
and is the responsibility of the Afir Force Data Base Manayers designated
for each of the AIS courses, The files are accessed, for display or
modi fication, through appropriate editors at an interactive terminal.
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Errors in the Course Data Base can result in incorrect student assign-
ments, incorrect resource management, incorrect student performance data,
and/or inefficient system performance.

' Procedure

The followiny samples from the Course Data Base Files were selected
for inclusion in this test:

1. Course File records - VYersion 1 from Il{, MF, PME, and WM,

2. Course Hierarchy File records - IM Block II, 'F Block III,
PME Block VIII, and WM Block VII.

3. Lesson File records - Five lessons and their corresponding module
records from each course.

4, Cross Reference File records - IM Block II, MF Block III, PME
Block VIII, and WM Block VII.

5. Test Key File records - (Testing accomplished under "Relia-
bility of Scoring and Storing Within-Course Test Results.")

6. Learning Center File records - One learning center on one
shift from each course,

7. Resource Class File records - One or two records (as required)
for one learning center on one shift in each course.

8. Resource Type Descriptor File record - A1l types applicable to
each course.

9., Calendar File records - Yersion 1 Shift 1 from each of the
courses.

10. Variables Definition File records - Four variables from each
course and four variables conmon to all courses.

Results

Approximately 50 record segments, averaging 15 items of information
per segment, were examined for each of the AIS courses. For the 3000
items of information (50 segments x 15 itens x 4 courses) examined, only
two discrepancies were identifed. In the Block VII iierarchy File record
for W, the students per shift count did not agree with the number of
students in the learning center. In the Resource Class File record for
WM, the number of available resources (21) did not agree with the number
of assignable resources (29). Both discrepancies were determined to be
the result of clerical errors in establishing the data base and were
corrected. Based on the sample results, twc incorrect out of 3000 itenms
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exariined, the Course Jata Base is 99.9% correct.

Reliability of Student Prescripticns

Student prescriptions are the printed outputs from the manayement
terminals which give AIS students their next assignments. In order to
issue a reliable prescription, the Cil systen must correctly deteriine
the student's current positicn in the course; read and evaluate the
student's current input (the test foru which initiates the prescription
process); determine which lesson or lessons can be taken next (i.e.,
which lessons are epnabled); deteruine which of the enabled lessons have
available resources (i.e., which lessons are feasible); and select and
print the assignuent. The prescriptions issued by the manageuent
%erminals are reliable if they assign students to enabled and feasible

essons.

Procedure

Juring the IST, 100 prescriptions were drawn froiax real-time student
operations in each of the courses. The samples included at least seven
prescriptions from sach of the AIS blocks in the courses. Each of the
prescriptions was examined to determine if the dates, tiines, and stu-
dent account nuimbers were correct. For each prescription, the date,
time, student account number, and next assiynnent were then transcribed
to report sheets. :lext, the block and lesson completion data in the
student's SDP, plus the block and lesson nierarchies for the appropriate
course and version, were exawined to determine if the assigned lesson
was enabled (all prerequisites coimpleted). For assignments requiring
computer-managed resources, it was deteriined whether the required
resources were in fact immediately available for the student.

Results

A1l assignments from all prescriptions in the samples were deter-
wined to be hoth enabled and feasible. The reliability of student pre-
scriptions from the CMI system is 109%.

Reliability of Resource Allocation

Resource allocation is one of the functions of the AIS CMI systenm.
This function manages all training resources which have been declared in
the Course Data Base as computer-managed. The CMI system balances stu-
dent flow through a course to avoid bottlenecks due to resource unavatl-
ability and to waximize usage of critical resources. If a student is
assigned to a lesson when in fact resources for that lesson are not
available, or if the CHMI system determines that a student cannot proceed
hecause of a resource bottleneck when resources are in fact available,
then the resource allocation function is not reliable. The lack of
reliability would result in inefficient use of student and instructor
time. To some extent, this function was tested under “Reliability of
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Student Prescriptions,” where no fatlures of the resource allocation
function were found. However, a more extensive test was desired.

Procedure

For 30 consecutive calendar days during the IST, instructors in the

AIS learning centers gave immediate notice to a test representative of
any instance in which one of the following conditions existed: (a) a
computer-managed resource for an assigned module was not in fact avail-
able for the student's use, or (b) a student's prescription stated that
“A resource for your next assignment is not now available" when in fact
the resource was available. Instructor notification to the test repre-
sentatives was in the form of the student prescription annotated by the
instructor.

Results

During the 30-day test period, the CMI system issued approximately
6600 assignments involving computer-managed resources (1430 in IM/MF,
2770 in PME, and 2450 in WM). From among these 6600 assigninents, only
one discrepant prescription was reported by IM/MF instructors; four by
PME instructors; and none by the WM {nstructors. A1l five discrepancies
were of the "student bottlenec:2d but resources were actually available"
nature,

Based on the system performance during this 30-day period,
reliability of resource allocation 1s 99.93% in IM/MF, 99.85% in PME, and
100% in WM,

Following each reported discrepancy, the Course Data Base was
checked for errors. None of the discrepancies was determined to have
resulted from CMI system error; instead, they were attributable to
erroneous maintenance of the data base at the course level (i.e., clerk
or instructor).

V. SUPPORT SYSTEMS TESTING

The Support Systems of the AIS include the central computer with
peripherals, terminals, communications, and software and the Related
Subsystem which includes facilities, relfability, and meintainability.
The Support Systems were tested and analyzed during the IST in the
operational training environment of the four prototype AIS courses. The

data were accumulated while CMI activities were actually beiny per-
formed.

During this test period, several of the Support Systems components
were not in a stabilized condition:

1. Additfonal extended core storage (ECS) hardware for the computer
was delivered and installation was accomplished during the test.
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The installation was accomplished in phases during a 12-week

{ period, and several operational interruptions occurred., Sub-
sequent to the IST, however, the additional ECS has contributed

to improved uptine, performance, and reliability.

2. Complete confiquration control of the software was not achieved.
Hany changes and new features were added to the software during
the IST.

System Load Performance

During IST, the AIS system had 50 interactive and 10 managenent
terminals electronically connected to the central cowputer. The Perfor-
mance !lonitor Progran, which analyzes performance data, indicated that
1 a maxirmum of 19 interactive and 9 manageuent teriinals were in operation 3

‘e at any one time. The average student test form transaction rate with 1
this number of terminals was 13.5 forns per minute. ;

A system load analysis was conducted using data gathered via the

Tiie Sharing Operating System Perforinance Monitor. This program
collected data on central processing unit {CPU) utilization by the
various system components. Data relative to each cowponent were then
surmed and linear extrapolaticns wmade for future load. The results
showed that the hardware configuration could accoriodate 170 inter-
active terminals and a 1300 student load for CHI, assuminy 472% CPU

, utilization and 655 utilization of interactive terminals including 15% y
for C.il, 19% for authoring, and 47% for CAIL.

SR MBI e Wi tath

ledia System Reliability

During the IST, the media system for the AIS consisted of approx-
imatelv 441 media devices--filmstrin, slide, and movie prejectcrs, tape
nlaybacl units, and video playback units and monitecrs. The instructors
in AIS coursas comalatad a media failure tac¢ for sach instance of iedia
device failure Jduring a 5 month pericd. Nata froo the tags were used to
nsstablish the media systeri mean time hetwren failuras (4TRF). Tha
restults ars slown ir Table 17,

TARLE 15. Media Systen Reliahility

AUTIBER OF
RELEVANT FAILURES SYSTEN
(ROSTORATIN TINE OPECATILAG SYSTE™ COITRACT
' SREATLN THAN 10 LdL) (dQURS 1THF, HR. o REUIRESENTS,
HR.
az 1373 3 2Y
1
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Total systen operating hours were calculated by multiplyin) school
days by 12 hours per day. A relevant failure is one whose restoration
tine is greater than 10 niinutes. The MTBF was calculated by dividing
the total number of relevant failures into the svster: cperatin: hours.

Computer Hardware Reliability

Each time an AIS studant coiupletes a test forn, the student is
required to input the uata on the fori to the central couwputer via a
nanayeent terwinal. The central couputer is located at AFIRL, Lowry
\Fu, and is ccnnected to the nianagenent terwinals by a cowvwnication
systew which includes base telephone lines. The student interaction
process, which includes the readiny of the test form, computer process-
ing and the printout of the prescription at the umanagement terninal,
typically takes 40 seconds. Any interruption in this process, due to
failures, causes student gueues at the terwinals and, depending on the

- Tength of the interruption, causes alternate prucedures to be iwple-
rented for the affectad course. In either casz, interrupticns translate
to inefficiency,

The purpose of this portion of the IST was to measure periods uf
availability and to identify the major component failures causing inter- ‘
ruptions., The AIS specification required that 905 of all AIS ccurse |
shifts be operational. Course shifts were, for IST purposes, the .
standard ATC A and b traininyg school shifts, from 0600 to 1202 hours
and froa 1290 to 15090 hours., An operaticnal course shift was defined
as a course shift that contained none ¢f the following categories of
shift failures:

1. Central couputer systei coaponents inoperable for iiore than 10
riinutes during the shift, excepting failures due to suftware,
external power, water chiller, coiwwnication 1ines, and o,er-
ator errors, and excepting coiponent failures that still
allowed the courses to De operaticnal under CMI,

2. lanagewent terminal inoperative for nore than 2 hours.

2. ‘lore than one wanagement teritinal inoperative in any course
for mcre than 16 minutes.

4, Comaunication site controller inoperative for rore than 2 '

hours,

An additicnal goal was to achieve 957 overall systew up time, in-
cludingy failuras due to hardwarae, software, personnel, and Governuent
furnished equipnent (GFE).

Procedurns

At tha central computer site, a 107 hook was naintained by the
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computer operator who noted by event and time all major system events. A
clerk for each course also noted, in a Problen Peport, all events
associated with any system interruption. Data were collected from these
logs and from certain other computer prograiy reports, A weekly summary
report was prepared in which failures, downtime, and systeii effectiveness
data were detailed. Thesa summary reports were presented, discussed,

and agreed to at weekly test coordination meetings between representa-
tives of AFHRL/TT, Defense Contract Administration Services Managenent
Area (DCASMA), and MDAC.

Results

Sumary. The 31 weeks of operation during the IST represent a train-
ing period of 1300 hours, and 990 course shifts. An overall systei up
time of 95.6%, including all failure modes, was achieved., Operational
status was achieved fer 92.2% of the course shifts.

Nuwber of weeks of test , . . . . . .. . .
Hlumber of school hours tested . . . . . . .
iurber of school hours system eperaticnal . . .1721 hours (93.5))
Ylunber of course shifts during test . . . . . 990 shifts

Humber of course shifts declared operational . £30 shifts (92.2%)

. 31 Weeks
. 1300 hours

dumoer of systeir interruptions caused by:

Coiputer Hardwars ., . . . . . .
Software/Personnel ., . . . . . .
Cotmunications . . . . . . . . .

5 failuras
3 failures
9 failures

. e .
o s o
O

e e o

Availability. Of the €5 couputer hardware failures, acccunting
for 72 hours 17 minutes of downtime, 1€ caused an operational inter-
ruption greater than 10 winutes. Eighteen winutes is 5% of a 6-~hour
shift and was used as the contractual Timit for a shift beiny judyed
operational. Six failures accounted for ¢2 hours of down tine, If
these six failures were discounted, the total reiaining doun time for
the system caused by tihe cowputer components would he 10 hours 17
winutes, with an average of 10 minutes per failure. The couputer hard-
ware couponents accounted for G¢ of the 70 shift failures, with ECS
probleis bzing the primary factor.

The overall availability of the conputer hardware during I5T, in-
cludiny periods of systen usay2 beyond the 1.-hcur daily course pericds,
w@as 9C, 35, The overall availability through the 3 1/2 years following
installation acceptance was 97.3%.

Coiputar Softwara. There were 35 software/personnel failures
accounting for 12 hours 32 ninutes (752 rinutes) of down tiwe, Three of
these failures exceeded 14 winutes, If they were discounted, the average
down tiue for this type of interruption would be 5 minutes.
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Communication Hardware. iiine communication hardware fatlures
accounted for 3 hours 40 minutes., Of these, one caused three shift
failuras. These were included in the mainframe system components
category because the failure was in the communications interface unit
(CIu), which has the same effect as a mainframe failure.

Management Terminals. Of the nine management terminals, an average
of four terminals a week developed problems. These problems were
usually resolved within 20 to 30 minutes, and caused only one shift
failure. The printer and reader were the most significant failure items.

Media Device Maintainability

Log books were provided in classrooms to record on-line equipment
maintenance times. Utilizinyg these log books, plus failure tags and data
recorded on the failure reports, the following parameters were deter-
mined:

1. Mean and 90% upper 1imit to repair on-line equipment.

2. Mean and 90% upper Timit to remove and replace medfa equipment.
3. Maintenance hours per operating hour,

4, Mean and 90% upper 1imit to repair off-line equipment.

Logbooks had to be used exclusively to determine parameter 1.
This was the most difficult area for data collection because this kind of
maintenance was not reported in sufficient quantity to insure a reliable
result. It was estimated that no more than 20% of the failures of this
type were reported. Failure to report these data also biased the main-
tenance manhours per operating hour on the low side since the number
of fatlures and subsequent maintenance times were abnorially small
while the system operating time remained the same. Results are shown
in Table 17,

Failure tag data were used to determine parameter 2. As mentioned
previously, data on these tags were sometimes unreliable and occasionally
indicated abnormally long restorations. As shown in Table 17, the
restoration goal was not met. [t 1s quite probable, however, that if the
failure tag and log book data had been accurate, the goal would have been
met.

Parameter 3 was determined by using the total times due to all re-
ported occurrences in parameter 1 and dividing by the total system oper-
ating time, Table 17 indicates that the goal for this parameter was met.

Data for determination of parameter 4 were taken from failure

reports written for each faflure occurrence., Sufficient data were
gathered to verify complfance with the goal (Table 17).
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Reliability of Iftedia Devices

Prior to the IST, instructors in the I, !IF, PHE, and WM courses
were briefed on the orocedures for collecting data required to establish
device reliability, maintainability, down time, and system reliability
of wedia devices. The data for device reliability measurenents were
taken from the failure reports and the Course Evaluation Suumary (CES)
reports. Jperating hours for the media devices were estimated bv
multiplying the numbers of students taking the mediated modules by the
averaqge tinmes on these nodules. Failures were categorized by {DAC and
agread upon by AFHRL and DCAS! weekly during the test period., The
categories of failures were:

Category I - A failure that requires a part replacernent, couplete
rework of an existing part or an ctherwise time con-
suning affort to repair;

Category 11 Such incidents as loose hardware, missing parts, etc.,

and all adjustments, lubrication, cleaning, etc.;

Category III - Failures caused by humans during overation or main-
tenance;

Category [V Those failures for which the cause 1s unkncwn; and

Cateyory V

Failures of some easily replaceable itams such as
light tulbs. However, if a liaht hylb fails wore
often than the lifetine prediction or it is difficult
to repnlace, it is placed in Cateqory I.

The total number of Category I failures was then divided into the total
hours to yield the 'fTBF. Data gathered prior to the test period were, in
soiie cases, added to give the final results shown in Table 1.

As indicated in Table 13, all units except the wotion picture projec-
tor and the filrnstrip unit met the reliability goals. It should be
noted that sonie of the measured MTBFs are not reliable due to insuffic-
ient hours of utilization. These include video playback units, TV
rmonitors, and slide projectors.

Yledia Coursewares Reliability

During the IST, instructors in the IM, MF, PME, and WM courses re-
ported incidents of mediated courseware failures to the MDAC Quality
Assurance (JA) representative. Usages of mediated modules were available
from the Course Evaluation Summary printouts. The numbers of uses for
each type were then divided hy the nunibers of failures to determine the
MTBF. Results are shown in Table 19.
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TABLE 19. Media Courseware Reliability R

MEDIA TUMBER | NUMBER - COMTRACT
COUNSEARE QF USES| OF FAILURES MIBF* GOALS

Super & Filu 1546 7 221 150

PR C—

Video Tabe 962 15 by 5

|

+=-

Ta i ! |

Filustrip 24,445 ? 221 in 257 13

‘V
wdio Tape | 25,154 36 099 500 | b
L i | l |

* MTLF in this case means nuitber of uses between failures

’ As indicated, all ucals were net except that for the filustrio. It "y
apperars that the film becones brittle with use, possibly because of hijh
heat and low hunidity. It was recoiviended that replacenent filn be
tredated with a protective coating prior to being placed in the classroon.

VI, MATERIALS DEVELIPHENT COSTS

The cost of developiny instructional materials is an inportant
factor in detarmining the cost-effectiveness of an eoducational system, !
Tne materials developnient cests for a conputer based traininc systen can
vary across an extrenely wide ranyge. The actual costs will depend on at
least tha following factors:

1. Characteristics of the course:
(A) Categories (e.y., discriminated recall, classification,

nrocedure following, problew solving, and psychototor),
levels, and range (variety) of skills being taught.

e A e

' (8) Initia) state (clear, well written, up to date, complete)
l. . of course documentation (statement of cbjectives, Plan of ‘
* Instruction, course charts, etc.). i §

(C) Initial state of course wmaterials (nanuals, texts, work- i
books, audiovisuals, etc.). !

e
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(D) Initial state of within-course testinyg (block tests, per-
formance checks, etc.).

(E) Stability of course content.

(F) Initial configuration of the course (conventional lock-
step, self-paced, medfated materials, multitracking,
individualization).

(G) Special requirements for the course (team performances,
critical resource scheduling, etc.).

(H) Suitability of course content and format to self-pacing
and modular presentation.

Characteristics of the materials developers:
(A) Familiarity with ¢ourse content,
(8) Familiarity with the ISD process.

(C) Skill/experience in writing instructional materials and
test items.

(D) Skill/experience in developing mediated courseware, multi-
tracking, etc.

(E) Skill/knowledge relating to the cowputer-based training
systein being used.

(F) Familiarity with student characteristics and capabilities.
Characteristics of the environient:

(A) Organization - Developers part-time or full-time? \hat
other assignments do they have? !low are channels between
management, developers, and course personnel set up? Part
of centralized development team, or local group?

(6) Students - liigh or Tow abilitv? Heterogeneous or horogene-
ous population? ifotivation? Attitude? Critical entry
skill levels?

(C) Computer-based systemn - On-line support for materials
developrient? Support for materials tryouts? Knowledge of
programiing lanquage required?

(D) Facilities and support - tverything available as needed

(terminals, typing, cooperation for materials tryouts,
for media developuent, for CAI and CMI development, for
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reviews of materials by subject-matter experts, etc.).
Classrooms, carrals, materials and supplies, training
devices, etc,, all available as needed?

Lxperience with the AIS courses provides a bhasis from which to
estiiate riaterials develonuent costs. ‘However, the AIS exyerience cannot
be taken as a direct measure of such costs for several reasons., First,
the AIS w4as a nrototvne development to weept hoth operational and research
needs. Throughout developsent, costs which were not essential for ooer- .
ational inplementation of the courses were nevertheless incurred in
order to advance the state-of-the-art in training technologv. Second,
Jeveloprient of the NIS as a computer-based system proceeded in parallel
with the developwent of instructional natarials. Consequently, most of
the AIS weterials developaent was accomplisned before couputer support
became available., Third, wuch of the AIS materials developiient effort
did not begin with stable courses and materials which had been tested in
conventional lockstep instruction. Instead, wuch cf the developrient was
for content which had never been taught in the conventional courses and
for which the only existiny materials were the technical orders (T.J.s)
and manufacturers' manuals. Finally, because of the jrototype nature of
the proyram and its research aspects, additional steps and crganizations,
and umuch additional time, were introduced into the review/revision
nrocess. This process should certainly be streanilined for routine
development of materials for an operational CUT systeu,

For the reasons just listed, AIS experience is not anm accurate
measure of developrient tites and costs which wiocht be incurred in ex-
pansion to other courses., Therefore, the following parayraphs present

aestiatas of naterials development costs and assunie that the AIS exper-

ience and "lessons learnad" are applied to establish a developuent
process yeared solely toward efficient conversion of training courses
to AIS comnuter based training.

Development Tasks

It is assumed that any course heing convertad to computer-based
instruction has already been the subja2ct of a gcod tasks analysis, and
that the Specialty Training Standard (STS), POI, course chart, block
tests, and study waterials for the conventional course are all in good
order. The subsequant work of conversion to computer-based instruction
can be divided into the followiny taslk categories:

1. Courseware DJevelopment - all work up to iuplementation in the
classrooms, including planning, research, documentation, writ-
ing, proofreading, media consultation and review, test prepar-
ation, and learning strateyies preparation.

2. lrmplementation - reproduction and collating, planning classrooi
Tayout for materials and equipment, providing instruction and
assistance to classroom instructors, and entering necessary
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inforiiation into the C'\I course data base.

3. Revision - accommlishing tha changas indicated bv forimative and

sunimative epvaluations cof the naterials. ]
B AIS experience indicates that thes manhours required for conversion to |

computer-based instruction will bhe divided anonc these task cateqorias !
approxivately as follows: courseware devalapment, 745°; irinlenientation, ,
10,5 and revision, 156,.*

Courseware DNevaloprent Manhours

Estinates of courseware devealoniient manhours required for various
nedia are listed in Tabhle 2}, These estimates (derived fro. exverispce
in developing AIS courses) do net include iuplenentation and ravision
manhours, and assume that the lassons learned during AIS develovrment are
applied in converting stable conventiorally taught courses to couputer-
based AIS instruction. The variations in manhours acrcss courses are
probably due to the different kinds of content and skills taught in the
course (e.4., the I and iF courses teach principally the clerical skills
needed for inventory and issue cf supplies and for warehouse cperations,
the Wii course teaches principally the iecaanical/notor skills and teau
perforiiance tasks needed for aircraft preparation, runitions loadiny,
and postfliyht inspection and repair, and the PIL course teaches the
coynitive and nrobleis solving skills rneeded to repair, calibrate, and
troubleshoot cownlex electronic test aquipnent).

For courseware reguiring filustrips or audio tapes, the media pro-
duction tiines indicated in Table 21 should be added to the courseware |
developuent tines shown in Table 293, In situations requirine individual- i
ization {alternate materials nresentations designed for subsets of the :
student pooulation) and assignrents accordiny to adaptive decision rules,
additional effort from instructional strateqgies nersonnel should he
anplied. The instructional strateqies tasks and esstimated manhours are
as follows:

1. Designing alternative treatients, including data analysis and
concentualization of treatments - 4 hours ner candidate lesson.

2. Supperting development of individualized coursevare, including
coordination with courseware developers and reviewing materials -
12 hours per hour of instructicn developed. !

J. Ueriving and inplementing adaptive decision rules, including
data analysis - 2 hours ner lesson,

: 61 f

p * Experience with CAL development for the AlS indicates approximately
n this same division: 75 developuient, 10, implementation, and 15»
revision.
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Evaluating the effects of individualization

(A) Evaluating effects of individualized alternatives and
updating decision rules - 15 hours per lesson,

(B) Evaluating effects of adaptive decision models - 2 hours
per lesson.

cstinmatad Courseware Developnent Tines,
flours Per POl ifour Daveloned.

TABLE 29.

CUURSE
HEDIUN LiA/1F Wi PHE

iProgranmed Text (ilain Track) 6) 65 65

Filustrip/Audio Tape (Main Track) 81 90 93

Filmstrip/Audio Tape {Alternate Track)

|—

Wideo Tape (Main Track) -- -- 93

‘lotion Picture {Main Track)

Audio Tape (Main Track)

Tines

TASLE 21. Estimated fedia Production

70
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CSTIVATED HOURS
PRODUYCE A 1-HOUR
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HMEDIUM

Filastrip 29

Audio Tape 4
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VII. CONCLUSIONS AWD RECOMMENDATIONS

Conclusions

The IST results from the IM course indicate that superimposing IIA
and SPM on an already self-paced CMI course reduced training time by an
additional 12.5%. The results from the F, PME and WH courses indicate
that superimposing SPM on already self-paced CMI courses reduced train-
ing time by, respectively, 6.7%, 5.1%, and almost 14%,

The reliability and maintainability data collected during IST in-
dicate that the computer-based CMI support functions, the media devices
and courseware, and the computer hardware and software are entirely
adecuate and reet or oxceed AIS requirements.

Over and above the specific results obtained during IST, the IST
deiionstrates that

1. The AIS provides a continuous quality control wechanisi for AF
techrical training,

2. Student attitudes toward AIS conputer-based instruction are
quite favorahle,

3. Maintenance of the nedia devices, terminals, and corinunications
can be accomplished by AF personnel without extensive AIS-
specific training.

4. The AIS operates as an integrated system with extrenely
fiexible capabilities for studying educational innovations.

Recoimendations

The AlS was developed and tested in an operaticnal environment,
?rior to and during IST, there was ampla opportunity to observe how the
svstemn grew, and how it was implemented, utilized, and accepted. These
observatiuns lead to the followiny tentative racommendations.,

1.  The AIS nrovides an extremely powerful and unique facility
te evaluate the cost-effectiveness cf new training and
trainina nanagement technology in a realistic environient.
The Air Force should develop procedures and programs to fully
utilize this capability in ordar to exploit tha potential for
continued inproveuent in technical traininy,

2.  The SPY functions uf the AIS are highly effective in reducing
training tiwe in an operational environuent, according to the
data prasented in this report., However, success depends
heavily on instructor and training manager attitudes and
dadication in wonitoring student prouress, The effectiveness
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of 5770 can also be increased hHv crientine Connlavientary
Technical Traininy (CTT) ani Corwulsory and Yeluntary
Temedial Training (C2T and VRT) araund the SEI1 feedhack in-
forriation. Commuter sunvert can enhance ranagern.ent and
adniinistrative control of CTT, CRT and VIT.

Tne prototype AlS incerporates sovhisticated rasearch capa-
2ilities that are notr essential to routine sunuvort of the
majority of ATC technical trainin,., The lessons learned
suring SIS develoninent shiculd b= applied to design a 1ore
streanlined and cost~cffective svsten te neet strictly
operational training objectives.

Aocomputer-based training systein, such as the AIS, requires a
nan degree of oraanization and cocrdination anonyg the users,

Lines of authcrity and comnunication st be clearly astablished

and chserved, Confiongration control over classroon naterials
and nrocadures and over Ssyster characteristics is essential 1o
oneration anid evaluation ¢f or by the svster. Advance co-
crdinaticon of chanves is vital te sweeoth oneraticn of the
SYSTeL,

Full understanding and utilization of the capabilities provided

hy a conmuter-hased treining systenn reauire efforn and tine
froo, training oersennel,  The Cours= [valuation Swwiarvy and

the Test [ter fvaluaticn Suinidry are cornuter-generated renoris

that ars axtrenzly usaful in evaluating ccurse materials and
student varforiance ¢n a continuing hasis. Training for
310k, widdle, arng working level Lanageient is required if
conputer cananilities are to be fully exnleited,

The introagucticn of aadvanced tecnncloyy ircreases the sophis-

tication of coursewdare develonnent, ULtilization of instructors

in the & + . 2nvirenuent* and freguant turnover of nersonnel
further coplicate tne probleii, A sinplifiey, prescriptive
ethod of coursewars Lanayeient and developient needs to be
Jdeveloped,

Courses to be iunaledented as Al courses should be selecteu
carefully. 4t the oresent tine, the investient necessary to
convert a course to coruter-based cperation siould be wade
only if student flow is wich enocugh and course content is
stable enough that the investuwnt can ve recovered throudh
reductions in training tiwe. lew techuiques for converting
short, low-flow courses should be investinated.
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* An ATS instructor suends & hours a day in the classroon and 2 hours 4
day on outside~the-classroon nrepdraticn and adninistrative duties,



1.

Three approachas to IIA have been implemented in the AIS. The
regression model approach has considerable promise but is
difficult to maintain in the operational mode. The heuristic
approach (logical assignment rules) and the learner choice
approach pronise more utility for the operational environ-
rent.

Jualified instructors are essential to some of the AIS learn-
ing center tasks, but other tasks should be assuied by less
highly qualified personnel., Cven if total wanpower spaces are
not reduced, a change in the wix of instructors would result
in considerables cost savings.

The maintenance of the terminals and associated coumunications
is straightforward. For exawple, two-snift operations durino
[ST were supported with the equivalent of four full tiue
maintenance technicians. Thase technicians were either
retired AF enlisted pnersonnel or active duty "moonlighting"
enlisted personnel, GLecause of the sinlicity of the equip-
ment, vendor manuals and austere docunentation were ytilized
and were considered coupletely adequate,

|
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PREASSESSMENT TESTS USED IH THE

Logical Reasoning Test

IM/YF Reading Skills Scale

Concealed Fiquras Test

tiericry For dumbers Test

Attitude Toward Course
laterials

General Attitude Scale

Internal-~tExternal Scale

Test Taking Attitude

Scale

Delta viogranhical Nata

heneral
Scale

dedia Preference

IM AilD MF COURSES

Heasures general ability to judge the
loyical soundness of meaningful con-
clusions by reasoning from stated
prenises under timed conditions.

Hleasures readiny comprehension and
speed on materials extracted from IM
and ¥ technical manuals.

Heasures ahility under tined condit-
jons to maks perceptual distinctions
by deciding which of five geometrical
fiqures is enbedded in a complex
pattern,

teasures ability to reiienber numbers
from 3 to 7 digits in length, with
forward and backward digit span sub-
scales.

HMeasures how tense or apprehensive
versus interested or motivated a
student feels about learning the "
or iF materials,

tieasures general tendency Tto exper-
jence feelings of tension and aopre-
hension in situations perceived as
threatening versus feelinys of in-
terast in a variety of technical
areas,

"leasures tendency to feel in control
of events versus feelings of being
contrelled Lv external events,

“'rasures tendency to feei anxious
whon takinu perfornance or achieve-
rent tasts,

A variety c7 Diogrephical and back-
orounda infortaticn iteus felt to bLe
jirnortant for success or failursz in
the Iil and MF courses.

leasuras preferences for visual vs.
audiu vs. printed materials, as well
as experience with conventional and
self paced instructional nethods.
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PREASSLSSUENT TESTS USED I.4 THE PE COURSE

Shin Jestination Test

PHE Reading Skills Scale

Reading Vocahulary Test

‘lidden Fiqures Test

Attitude Toward Course
daterials

General A\ttitude Scale

Internal-External Scale

Test Takinyg Attitude Scale

Delta Biographical (ata

General !tedia Preference
Scale

easures general arithmeric or pro-

blen selving ability, using sprcific
rules to solve probleils under tinied

conditions,

‘leasures reading conprehension and
speed on nmaterials extracted fron
Pt technical orders and manuals.

Heasures couprehensicn, under tined
conditions, of terus frequently used
in Ajr Force documents and ranuals,

Neasures ability, under tiwed con-
ditions, to make perceptual distinc-
tions by deciding which of five
gaomatrical figuraes is enbedded in a
conplex pattarn.,

“fleasures how tense or apprehensive
versus interested or notivated a
student ferls about learning the PME
course materials.

Maasures qeneral tendency to exper-
ienca feelinys of tersicon and
apurehension in situations nerceivad
as threatening versus fealinygs of

interest in a variety of technical

areas.

timasures tendency to feel in ceontrol
of avents versus controlled by
axternal events.

easures tendency to feel anxious
when taking perforiiance or achieveuent
tests.

A variety of bioyraphical and back-
yround information itews felt to be
important for success or failure in
the PUL course,

Measures praferences for visual vs.
audio vs. printed materials, as well
as experience with conventional and
self-paced instructional methods.
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Choosing a Path Test

HM Reading Skills Scale

Peading Vocabulary Test

Concealed Figures Test

Associative Memory Test

Ship Destination Test

Attitude Toward Course
Materials

Mechanical Curiosity Scale

Internal-txternal Scale

Test Takiny Attitude
Scale

PREASSESSMENT TESTS USED @il THE WM COURSE

HMeasures ability to manipulate ideas
visually, under timed conditions,
which is considered to be an ipor-
tant ability for many types of work
with mechanical devices.

Heasures reading couprehension and
speed on inaterials extracted from WM
technical orders and manuals.

leasures comprehension, under tined
conditions, of terus frequently used
in Air Force documents and manuals.

Measures ability, under timed con-
ditions, to make perceptual distinc-
tions by deciding which of five
geometrical fiyures is eubedded in

a complex pattern,

Measures ability, under timed con-
ditions, to recoynize correct
associations or concepts for alpha-
nuneric codes frequently used in WM
technical manuals.

Heasures general arithuetic or
problem solving ability, using
snecific rules to solve probleis
under timed conditions.

fleasures how tense or apprehensive
.ersus motivated or interested a
student feels about learning the WH
course materials.

reasures general feelings of interest
in, or tendency to becone interested
in, mechanical devices and mechanical
problems.

Measures tendency to feel in control
of svents versus controlled by
external events.

Yeasures tendency to become anxious
when taking performance or achieve-
ment tests.
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PREASSESSHENT TESTS USED In THE WM COURSE (Concluded)

vdelta Bioyraphical Data

General ‘ledia Preference
Scale

Hath Familiarization Test

A variety of biographical and back-
ground inforuation iteus felt to be
important for success or failure in
the WM course.

lMeasures preferences for visual vs.
audio vs. printed naterials, as well
as experience with conventional and
salf paced instructional methods.

Measures basic mathematical skills,
under timed conditions, on easy and
difficult subscales, with probleus
that are required in certain areas of
the WM course.
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APPENDIX 8

EXAMPLES OF AIS COMPUTER-GENERATED PRINTOUTS
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LEARNING CENTER NEW ROSTER DAY 9¢57 1225 HRS

LEARNINT CENTFR 121 SHIFT 1
TAYS DAYS

23

GT#  ABS SAN NAME FX REM AKEAD
1¢C PO TN “ 2 2.8 -£,2
2 C L E =£.2 ~7.€% :
T C ooIpEeEl MRASMTNVERENS 3 €.6 -2.° i
4 C A ¢ OFUTINN UhaeveRtimiahiate 5 1,6 ~5.,¢
5 ¢ TN TR 2 12.2 #.2
65 C UTDNRGES TR 6 P.4 -2.¢
7 C W ] 2 8.8 @g.48
g ¢ omEres S 2 2.4 ~5,7
12 ¢ N Y "2 12.8 1.7
11 ¢ IOV SRV 2 4R -T2
12 ¢ CODUNUER  GaRGRR 1 16,8 ¢.2 ’
12 ¢ oRUTU TR 3 2.0-1p 0%
14 C W 1 18,2 2.2%
15 ¢ IV U 2 E.8 2.7
1€ ¢ cnwwer TNuEEERTE 3T e,z -3,2
17 ¢ RN TRy 5 2,0 -2.8
19 C L N 3 R.2 2.4
2¢ C R AR 2 12.6 2.
21 C NS eaneasly 3 2.2 -5.4
22 C Stun R 2 e.2 p.c
23 C ISP SREEEENE 3 4.0 -2.F i
24 { A ¢ CHUUOVNER YRS 2 .4 -7,4 ;
25 C CAAnAiAis ST 6§ 7.4 €.4 i
26 C e R 2 8,2 -A,PX% :
27 ¢ e B e ] 1.6 1.0 :
28 C ecseen 3 /.2 22,9 :
29 ¢ . 5 ¢£.2 2.2 ;
2¢ C A ¢ OUUOWEES TR 4 7.0 7.0
21 C RONARMEY RGNl 2 9.8 1.7
22 ¢ TPuASUSS TSNS 2 £.4 -¢.%
C eee——— 5 2.4 -1.%
c TR CUURANARARED 2 2.4 -1,7

Learning Center Roster. For each student, the following
information is listed: assigned carrel or work station
number (the following "C" indicates these are carrels);
an "A" in the ABS column if a student is absent, followed 1
by a @ if the absence is less than 1 day; social security :
number; name; current block of instruction; days remain-
ing until the student's predicted graduation date; and
number of days student is ahead of (or, if -, behind)
predicted schedule. |




GRADUATION ROSTER DAY 9#C2 15@7 HRS

LEARNING CUNTER 172 SHIFT 1

STUDFNT 'NAMF GRATUATION DATI:

MGN AFR 1272

TUF AR
TUE AFR

Nora
-

-

[£o]

3

[§]

fED APR
4%D ATR

>

, THR AP}
THY #P3

hoen
.

FRI AP? €, 177
FRI APR 2, 1370
FIT AP? &, 1373

10N

¥ED !

TE3

Graduation Roster. Lists the students who are targeted to graduate
! from the current date forward to a date specified by the requester.
. Available to instructors on request.
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ASSIGNMENT STATUS ROSTER DAY 9057 1827 HRS

LEARNING CENTER 1@1 SHIFT 1
SAN NAME ASSIGNMENT STATUS

LSN 22 29 MOD @1 TEST ¢2
LSN P6 @04 MOD ¢1 TEIST @2 {
IN ®LOCK REMEDIATION
LSN @5 @85 MCD 41 TEST a1
LSN @2 -#7 MOD @1 TUuST 22
SRR LSN @€ -¢3 MOD @1 T<ST €1
LSN @2 98 MOD €1 TEFST 24
IN BLOCX REVEDIATION
LSN #2-@2 MOD @1 TF¥ST 74
LSN @#3-00 MOD 21 |
LSN #1 @2 MOD @1 TEST Q4
LSN #3-a3 MOD @1 TEST 21
LSN @1 @4 MOD @1 TE¥ST @2
LSN #3-#1 MOD @1 TIST 22
LSN @2 -#4 .M0D ¢1 TFST 21
LSN ¢5 ¢ MOD @1 TEST #1
’ LSN ¢#3-07 MOD 21 TFST @22
LSN #2-1¢ MOD ¢1
LSN @3 -23 MOD 21 TEIST ez
LSN #3 -9 MOD @1
LSN 02 -9 MOD 21
LSN @3-¢#3 MOD @1 TEST @1
LSN #6-04 MOD @1 TEST 22
IN RLOCK REMEDIATION
LSN ¢3-@3 MOD @1 TFST 21
LSN #3-#1 MOD @1 TEST 22
LSN @5-02 MOD @1 TEST ¢2
LSN @#4-0¢2 MOD @1 TEIST Q¢
LSN @3 -2€ M0D @1 T®ST 21
IN BLOCX REMELIATION
LSN ¢5-#6 MOD @1 T=ST @1
LSN #2-05 MOD 55

i i i i ter, and
Assiqnment Status Roster. Lists the students in a learning cen .
\ showg the current assignment of each student (1esson, module, and test,

or other assignment). Available to instructors on request.
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LFAINING CENTFR RFSOURCES DAY 9e57 1427 HRS

LTARNING CENTER 121 SHIFT 1
GT# SAN NAME TYPE POOL
7C P con2 1 e1

Resource Assignment Roster. Lists the students currently using computer-
managed resources, with the following information: carrel number, social
security number, student's name; the device - portable (P) or facility (F),
and type number (0003 is a microfiche reader); and the location (pool)

from which the resource was drawn.
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AXMORTZIATION STILLS
TEFICIFNCY SCOREF 1%

Learning Z=nter 5 Shift 1
INVENTORY MANAGEOMENT,

Teect & PQ4727327

e
poepaaE e . PR

day 9¢5€E, 1

Corpleted at 1322% hrs, day 2@F8

ECUR NEXT ASSIGNMEINT IS: Test 4Q22R1207.
?lrace <20 ycur instructoer fer the neca2ssary test maeteriels

Preassessment Testing Feedback. Indicates, to instructors, the students

who have deficiency (or proficiency

77

) scores on any of the tests.




dey 9275, 1318 nrs

‘Home Carrel &, Learning Center 2, Shift 1
INVENTORY MANAGRMENT(VERSION 7).

Dete Cource Started 7Q/pg2/1F

Date Arrived On Rase 79/¢%2/14

Date 0f Tirth BR/GE/¢28

Sex Male )

Hishect Yea~ Attended 12

Fighest Diplera or Degree Figh School Graduate
Natiecnal Status U, S. Military

Militery Rark U. 5. Military

Military Srade 1

Militery Souadron 3441 '
Military Type of Student Nonprior Service Erlictee
Yilitary Service ®ranch Air Force

Militery Unit Regpular

Yilitary Status Active

Registration Feedback. Lists the information read from a student's
registration form, for verification.
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HIS PAlos 10 2257 QUALITY PRACTICABLE
TR Loz X b onnioned 10 DDC - P

erreted laye ir ~ryree 18
Targeted sraduaticn date is TTE vBR 2@, 1097¢
Ta~ge*tel ~“ay< ner dblezk:

“lenx RERA
1 c.

)

NI NN
ISESEE R R
. e s

W N Ny

jay 2¢8R, 1327 yrs

ITNVENTORY MANAGEMENT,

Tect & Qe@27207
Conpleted at 1228 hrs, day 9@5&

YOUR NEYT ASSISNYTNT [S: Tesson ¢¢-12, Module #¢1,
TIME MANAGEMENT Mastery Test #1

GOOD A0BY o/

Student's First Assignment in Course. Gives targeted days in course and

in each block, targeted graduation date, and student's first assignment
to course materials.

Attempt 51,

2
A
{

N

BT /XA s




THiy PAGE IS BEST QUALITY PRACTLCABLE
 fY FURNLSHED TCDDC

Lhvi wur

day 9o7e7, QL9 ~nrs .
INVENT RY MANAG®HMENT,

I'eys of crurse completed Q.6
Days svent in class 12.4

Lecscn ¢4 ¢4, Mod 871, Test #2, 315 minutes on Attemnt #1

CONGRATULATIUNS. Mestery Tect Score 100%..

316 3¢ i 3k 3 3¢ 3% ie TR Al e e she e vie e Yie e e o e slesie e sl sl el sk e

YOUR NEXT ASSIGNMENT IS: Lesson &4 @S | > =
"CHITF NF SUDPPLY LA3DRATOIV" 05, Moduim AL, Arterot <1

GOOL 4OR¥X 7/

Student's Firct Assignment of Each Class Day. Provides student with progress
management inf-rmation, results on just-completed lesson, and next assignment.




INVENTORY MANAGEMENT.

Student's Completion Status for Current Block.

Torplated
Tcempleted
Comrplated
Corpleted

N N

on
on
on
on

and numbers of attempts.

Ve

Tessnn
Leeceor
Leseerr
Lesccr

]

l.

1 Y

RT3 3

Atterpt
Attempt
Atterpt
Atterpt

— s A

day 9¢37,

172@7 rre

Lists lessons completed

Available to instructors on request.
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e G e e W e wnees o b RIU RFTAAT  Tie o TN ST

day 96857, 1228 hrs !
IM A AND B SHIFT 6-HOUR STUDENTS. i
|

Days of course completed 23.8
Days spent in class 17.0

Block 1 Completed on Attempt

Block 2 Completed on Attempt

Block 3 Completed on Attempt

Block 4 Completed on Attempt

Block S Completed on Attempt )

status for dblock 6 §
Lesson 1 Completed on Attempt 1 ?
Lesson 2 Completed on Attempt 2

[N NN

Student's Completion Status for the Course. Summarizes progress management
information (days of course completed vs. days in class), the blocks completed
and numbers of attempts, and, for current block, the lessons completed and
numbers of attempts. Available to instructors on request.
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COURSE~ 3 COURSE VERSION- 1 TEST TYPE=-3LOCK COGNITIVE TEST

BLOCK~ 7 TEST NC~- 1 ( 7 1063)

SELECTIOMN CRITEZRIA USED~- NONE

TEST SUMMARY SAMPLE CATE RANGE~- 78205 TO 79064

NCs RECORDS EXAMINEC~- 145 NOe SAMPLES~- 1150100 FCT)
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TN A I OU ST CRIT e FAIL 0t — 05 PCT)

—— s it

SCALE SUMMARY - PART

10/ NO. SAPMPLES/ NC. MEAN STAND CRITCL PASSING/ f

Ya !
- L) L} [] g

2 7- 0- 2 115/ 92/ 30. 4 2.78 «396 NO o 4 ;
T30 3t 5 9B 6w et L1t RO 66— i
4 7- 0- & 115/ 58/ S0. 3 2.3C «827 NO 3/ 3 i
et 51t T2 T e T N — i
6 7- €~ 6 115/ 34/ 82, 4 2653 1.103 NO &/ & !

|

TOTAL N/A 1157 24/ 21. 3 72.90 134591 N/A 707189 ?

1

|

SCALE SUMMAFY = PART 2 -
—_—  REMAINSCORR ALPHA —LIVING ———— ——
SCALE  SKEW® KURTCSIS*P(TOTAL) <RELIAB.  COEFF,

2 2v2 56 =35+ — 3262 ——3064— T 4— ——— ———
2 "3.877 2-‘019 0“99‘0 u3706 08880
ek B 3T 38t sl T 3t 8046 —
< «3.605 =~.24%7 «5532 « 4564 + 8880
2t 2t 33— 9T
7 ~1925 0227 02152 «1€32 1.0014
TOTAL =512 3,748 N/A e 7232 «736S
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c EQ € = NORMAL
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—ITEN STATISTICS BY SCALES

e — e

ITEM SCALE SCORE OEV NOe. (PCT) R(TOTAL) R(SCALE) ITEMS

1 1 e53/ 1. 501 54(47,) 2651 02997 NO
2 T +897 15 T3 13ttt 0%98 0703 NO——
3 1 «927 4 . 270 9( 8,) «3563 <1601 NO
[ ) [ ] ® 2 [] (] []
- 5 1 e 637 1. 484  42(37.) =,0051 1570 NO
7 2 067/ 1o 4?2 38(33.) 2726 2337 NO
[ * * (] []
9 2 0S4/ 1. « 240 70 64) 42691 <0824 NO
3 P i eIt PP 1695 S 2t83— NO—
11 3 «90/ 1. «307  12(10,) W3513 .1324 NO
iz t~ ) [ [ ] [ ] | ] [ []
3 e75/ 1. 436  29(25,) v1900 .2298 NO

[] ] [] - [ 3 ]

15 3 «39/ 1. « 430 70(61,.) «1691 « 0994 NO
? 65— =787t 6t —2Et22e ) 2858 1857 NO——
17 5 o727 1. * 450 32(28.) +3904 «284L9 NO
. ’ O . O Py NO
19 4 «83/ 1. 381 20(17,) e2849 ° 2254 NO
2% <907/t 3072t 3291t 32— NO——
21 4 o577 1. e L37 49(43.) «3723 02742 NO
. 0 . . . v
23 & B4/ 1. o481 41(36.) «3781 +2109 NO
O . O ¢ 0 v . €
25 6 «63/7 1, e 469 3U32,) «3€104 e 2420 NO
26 7 967t 205 St 43— 0587 1122 NO——
27 5 +S87 1. * 495 48(42,) «2891 « 2861 NO ‘
—2—t+—— 94+ - s L
29 7 «79/7 1, +0L08 2u(21.) 0589 » 0830 NO '

Test Item Evaluation (TIE) Report (continued).
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APPENDIX C

STUDENT ATTITUDE DATA




STUDENT ATTITUDE DATA

tach student in the AIS courses during IST completed a 40-item
attitude questionnaire at the end of the first AIS block of instruction,
and again at the end of the course. This questfonnaire (Figure C-1)
measured students' attitudes toward various features of the AIS courses.
Item responses were. “strongly agree," “agree," “"neutral,” "disagree,”
and “strongly disagree.” As presented to the students, a “"strongly
agree" response on 15 {tems indicated a favorable attitude toward AIS
in areas such as self-pacing, amount of testing, medfated instruction,
and availability of instructors. The remaining 25 items were worded
such that a "strongly disagree" response reflected a favorable attitude.

A summary of the {tem data from end-of-course administrations of
the attitude questionnaire is shown in Table C-1. The abbreviated item
statements in this table are all worded so that agreement with the
statement indicates a favorable attitude toward the course. As presented
to the students, however, items 3, 7 to 11, 16 to 22, and 28 to 39 were
worded to require a "disagree" or "strongly disagree" response if the
student actually felt favorable toward the course. In Table C-1, the
percentages of favorable responses ("agree" and “strongly agree" on
15 items, and “disagree” and "strongly disagree"” on 25 items) are
tabulated as positive, the percentages of unfavorable responses are
tabulated as negative, and the percentages of "neutral" responses appear
as neutral,

Overall, students who have completed the AIS courses report favor-
ably on the individualized self-paced CMI aspects, and indicate that in
general they did feel motivated to work, and did not feel the courses
were boring nor that the courses were depersonalized.

Table C-2 summarizes the attitude questionnaire results from the AIS
courses during IST. For this summary, responses were scored on a 1-5
scale, with 1 being the most unfavorable response to an item and 5 being
the most favorable. A single attitude score was derjved for each stu-
dent in the samples by averaging response values for the 40 items, The
mean attitude scores for the groups in Table C-2 range from 3.98 (IM
course, Phase Il Main Track, end of Block I) to 3.53 (WM course, Phase
11, end of course), and all are toward the favorable end of the scale.




STUDENT ATTITUDE QUESTIONNAIRE

DIRECTIONS: The following statements apply to the way you felt about the
varfous aspects of this AIS course. Do not hesitate to describe exactly
how you felt. It will help us improve the training program. Read each
statement carefully and then blacken the appropriate space on your answer
sheet to indicate how you felt about this AIS course.

Mark "A" on your answer sheet if you strongly disagree with the statement,
"B if you disagree, "C" if you are neutral about the statement, "D" if
you agree, and "E" if you strongly agree with the statement.

There are no right or wrong answers. Do not spend too much time on any
one statement, but choose the answer which best describes how you felt.

1. I felt I could work at my own pace.
2. I was satisfied with what I learned in this course.

3. Under self-pacing, I had less opportunity to talk individually to
the instructor than in conventional courses I have had.

4, My feeling toward the course materials was favorable.
5. I am anxjous to get to my first assignment after finishing tech school.

6. I expect my Air Force technical training will help me get a good
civilian job later.

7. Since Denver is such a nice area, I was not in any hurry to finish
the course.

3. I had to fil1l out too many forms in this course.

9. I would have liked more opportunity to work in a group.
10, This self-paced instruction was a poor use of my time.
11. I saw no reason to hurry through the course,

12. Compared to lectures, this self-paced course was a better way for
me to learn.

13. I would prefer my future AF courses to be this type of instruction .
rather than lectures. 3

14, 1 liked being informed of the training objectives in the programmed
materials.

FIGURE C-1. STUDENT ATTITUDE QUESTIONNAIRE
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15.
16.

17,

18.
19.
20.

21.

22.
23.
24,
25.
26.
27.

29.
30.
31.
32.

33.

A - Strongly Disagree
B - Disagree

C - Neutral

D - Agree

t - Strongly Agree

The learning materials were well organized and clearly presented.

I know how to perform the hands-on procedures, but I don't really
understand what I'm doing.

I guessed at most of the answers to questions in the programmed
texts.

Programmed instruction made learning too mechanical,
The programmed instruction was boring.

1 found myself trying to get through the progranmed texts rather than
trying to learn.

The method by which I was told whether I had given a right or wrong
answer in the programmed texts became monotonous.

I would like to have more audio-visual lessons.

The audio-visuals in this course explained things well,

The instructors helped me and encouraged me to do well,

The instructor was available whenever I needed him,

I felt the instructors were positive toward self-paced instruction.
The instructors took the time to satisfactorily answer my questions.
I felt I was not given enough personal attention,

I could have gone faster if there had been more equipment to use.

I felt no one really cared whether [ worked or not.

I felt frustrated by the way the course was run.

When I finished a lesson, 1 often had to wait a long time before
I could start the next lesson,

There were occasions when I was at my carrel with nothing to do.

FIGURE C-1 (Continued)
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Strongly Disagree
Disagree

Neutral

~ Agree

Strongly Agree

Moo
[ ]

i

34. 1 felt frustrated by the number of tests I had to take.
35. 1 felt the self-tests were a waste of my time.

36. I could pass the block tests, but I really didn't understand the
material,

37. 1 found it hard to concentrate because the room was too noisy.

38. There are too many distractions with this method of self-paced
instruction.

39. I wish I could have spent more time away from my carrel,

40. I